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REMARKS 



INTRODUCTION & THE OCTOBER 24. 2002 INTERVIEW 

Reconsideration and withdrawal of the rejections of the application and prompt issuance 
of a Notice of Allowance are respectfully requested in view of the amendments, remarks and 
attachments herewith, and the matters discussed with Practice Specialist George Elliot during the 
October 24, 2002, for which he is thanked for the many courtesies extended. 

Prior to the interview, Practice Specialist George Elliot was provided with a copy of 
documents from predecessor application Serial Number 09/029,535, and he was respectfully 
requested to review the prosecution of USSN 09/029,535 such as the Declaration of Brian R. 
Walker, Jonathan R. Seckl and Christopher R. W. Edwards and the PowerPoint presentation that 
was given during the October 2, 2001 interview in USSN 09/029,535, submitted herewith as 
Exhibits 1 and 2, respectively, as well as the prosecution of the present application, and the 
claims of other co-pending divisionals descended from USSN 09/029,535. Practice Specialist 
George EUiot is particularly thanked for having received the documents from the predecessor 
application and for having reviewed the various documents; all of which were discussed during 
the interview. 

It is respectfully believed that during the interview Practice Speciahst George Elliot was 
in agreement with views of Applicants as to patentability, especially as to the claims being 
patentable under Sections 102 and 103 over the document cited in the Office Action. The 
Examiner is respectfully invited to review matters discussed during the interview with Practice 
Speciahst George ElUot; and, as discussed below, if any issue remains as an impediment to 
allowance, an interview with the Examiner and Practice Specialist George Elliot are respectfully 
requested. 

FORMAL MATTERS - THE PENDING CLAIMS & CLAIM AMENDMENT 

Claims 14-17 remain pending. Claim 15 has been amended, without prejudice, without 
admission, without surrender of subject matter, and without any intention of creating any 
estoppel as to equivalents. No new matter is added. 

It is submitted that the claims, as originally presented and as amended herein, are 
patentably distinct over the art, and that those claims were in full compliance with the 
requirements of 35 U.S.C. 1 12. The amendments and the remarks made herein are not made for 
the purpose of patentability within the meaning of 35 U.S.C. §§101, 102, 103 or 1 12. Rather, the 
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amendments and remarks and attachments herewith are made simply for clarification and to 
round out the scope of protection to which Applicant is entitled. 
THE SECTION 112 REJECTIONS ARE OVERCOME 

Claims 14 and 15 were rejected under 35 USC 1 12, first paragraph, as allegedly 
containing subject matter that was allegedly not described in the specification in such a way as to 
reasonably convey that at the time the application was filed, the inventors had possession of the 
invention. Specifically, the Office Action states that the present specification discloses 
carbenoxolone as an inhibitor of reductase activity of 1 1-Beta-hydroxysteroid dehydrogenase 1 
(1 1-Beta HSDl) and suggests that the inventors did not have possession of any other compoimds 
which would also be useful as an inhibitor. 

Furthermore, claims 14, 15 and 17 were rejected under 35 USC 112, second paragraph, as 
being allegedly indefinite for allegedly failing to point out and distinctly claim the subject matter 
which the applicants regard as the invention. The Office Action asserts that the disclosure of 
carbenoxolone as the only exemplified compound prevents the ordinary artisan from determining 
other compounds encompassed by the claims. Additionally, the Office Action asserts that claim 
15 is allegedly indefinite for failing to recite the method of inhibition. 

The Section 112 rejections shall be addressed collectively, and are respectfiiUy traversed 
and overcome. 

With respect to claim 15, for purposes of clarity, and without prejudice, without 

admission, without surrender of subject matter and without any intention of creating any estoppel 

as to equivalents, claim 15 is amended to read: 

1 5 . (Amended) A method for reducing intracellular glucocorticoid 
concentration in adipose tissue in an animal in need thereof, comprising inhibiting 
the reductase activity of 1 1-Beta-hydroxysteroid dehydrogenase 1(1 1-Beta 
HSDl) in said tissue comprising administering to the animal an inhibitor of said 
reductase activity of 1 1-Beta HSDl in an amount effective to so inhibit the 
reductase activity of 1 1-Beta HSDl in said tissue and thus reduce intracellular 
glucocorticoid concentration in adipose tissue. 

Reconsideration and withdrawal of the Section 1 12, second paragraph rejection of claim 
15, is respectfiiUy requested. 

As to the other aspects of the Section 1 12 rejections, as discussed during the interview, 
the Declaration of Brian R. Walker, Jonathan R. Seckl and Christopher R.W. Edwards and the 
PowerPoint presentation that was given during the October 2, 2001 interview in USSN 
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09/029,535, Exhibits 1 and 2 herewith, respectively, show that the present application, by 
teachmg employing an inhibitor of 1 1-Beta HSDl, taught the use of any one of a number of well 
known compounds, as the skilled artisan clearly understood that an inhibitor of 1 1-Beta HSDl is 
any of those well known compounds; and, that Applicants have indeed demonstrated that 
compounds, in addition to carbenoxolone, from those well known compounds, perform in 
inhibiting the reductase activity of 1 1-Beta HSDl in adipose tissue, as taught in the instant 
application. 

Attention is respectfully directed to paragraphs 32, 33 and 34 of the January 26, 2001 
Declaration and the documents cited therein, especially: 

Monder and White, Vitamins and Hormones, 47:187-271 (1993), e.g., pages 196- 
198 which provides a list of inhibitors in Table IV, 

Gomez-Sanchez et al., "Central hypertensinogenic effects of glycyrrhizic acid and 
carbenoxolone," Am J Physiol 263 (6 Pt 1): El 125-El 130 (1992), which shows that 
licorice, glycyrrhizic acid, and carbenoxolone were known inhibitors, as well as that the 
infusion of glycyrrhizic acid and carbenoxolone into the lateral ventricle of the brain of 
the rat at doses less than that which has an effect when infused subcutaneously, produces 
hypertension, showing that such compounds were administered subcutaneously, orally, 
and by infusion, 

Whorwood et al., "Licorice inhibits 1 1 beta-hydroxysteroid dehydrogenase 
messenger ribonucleic acid levels and potentiates glucocorticoid hormone action," 
Endocrinology 132 (6): 2287-92 (1993), 

Homma et al, "A Novel 1 1 p-Hydroxsteroid Dehydrogenase Inhibitor Contained 
in Saiboku-To, a Herbal Remedy for Steroid-dependent Bronchial Asthma," J. Pharm 
Pharmacol 46:305-309 (1994), 

Zhang et al., "Inhibition of 1 1 P-Hydroxysteroid Dehydrogenase Obtained from 
Guinea Pig Kidney by Furosemide, Naringenin and Some Other Compounds," J Steroid 
Biochem Molec Biol 49(l):81-85 (1994), and 

Lee et al., "Grapefruit juice and its flavenoids inhibit 1 ip-hydroxysteroid 
dehydrogenase," Clin Pharmacol Ther 59:62-71 (1996). 



-5- 



00102815 





PATENT 
USSN 10/061,044 
674543-2001.1 



These documents evince numerous known inhibitors at the time of fihng and that by 
teaching using an inhibitor of 1 1-Beta HSDl in the instantly claimed invention, the present 
application taught using any of the well known inhibitors. 

Simply, by using the term "inhibitor" Applicants described, taught and enabled the use of 
any of the known inhibitors; the skilled artisan, at the time of filing appreciated that which was 
meant by the term "inhibitor" in the instant application. 

Further still, during the October 2, 2001 interview in the previous application. Dr. Walker 
clearly demonstrated that chenodeoxychoHc acid, frusemide, and carbenoxolone - all known 
inhibitors of 11 -Beta HSDl - inhibit the reductase activity of 1 1-Beta HSDl in adipose tissue 
(intact adipocytes), in accordance with the teachings in the instant application. 

Thus, the Section 112 rejections, it is respectfiiUy submitted, are misplaced as they fail to 
consider the knowledge in the art, and the evidence Applicants have previously provided by the 
Declaration and PowerPoint presentation in the previous application. 

Even further still, the skilled artisan can practice the claimed invention by determining 
that which inhibits the reductase activity of 1 1-Beta HSDl in adipose tissue, by following the 
method of the claim that issued from USSN 09/029,535. 

Therefore, Apphcants, at the time of filing, indeed had possession of the use of the class 
of compounds that inhibit 11 -Beta HSDl in the instantly claimed methods, and thus, the claim 
terms are clear and definite and there is compliance with the written description requirement. 
And more generally, there was compUance with Section 1 12, first and second paragraphs, at the 
time of filing, especially when one considers the disclosure in the instant application, and the 
knowledge in the art and that which was known and understood by the skilled artisan as an 
inhibitor of 1 1-Beta HSDl, for instance, as Applicants amply demonstrated during the 
prosecutioil of USSN 09/029,535. 

Accordingly, reconsideration and withdrawal of the rejections under Section 112, first 
and second paragraphs, are respectfully requested. 
THE ART REJECTIONS ARE OVERCOME 

Claims 14-17 were rejected under 35 USC 102(b) as allegedly anticipated by Stewart et 
al. (J Steroid biochem. Molec Biol 1990, 40:501-509); and, claims 14-17 were also rejected 
under 35 USC 103 as allegedlly unpatentable over Stewart et al. These rejections are addressed 
collectively and are respectfully traversed. 
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Initially, it is stated that the rejections are inconsistent with each other, with the Section 
103 rejection, it is respectfully submitted, clearly showing that the Section 102 rejection cannot 
stand. 

More specifically, it is respectfiiUy pointed out that a two-prong inquiry must be satisfied 
in order for a Section 102 rejection to stand. First, the prior art reference must contain all of the 
elements of the claimed invention. See Lewmar Marine Inc. v. Barient Inc., 3 U.S.P.Q.2d 1766 
(Fed. Cir. 1987). Second, the prior art must contain an enabling disclosure of the claimed 
invention. See Chester v. Miller, 15 U.S.P.Q.2d 1333, 1336 (Fed. Cir. 1990). 

In the present Office Action, at page 5, it is admitted that "[t]he instant claims differ firom 
the reference by reciting 'in adipose tissue of the animal'". Hence, it is respectfully submitted 



that the Section 102(b) is prima facie clearly erroneous. That is, it is respectfully submitted that 
the Office Action, by its very terms, demonstrates that the Section 102(b) rejection is clearly 
erroneous; and thus, the rejection, it is respectfully submitted, is prima facie clearly erroneous. 

More specifically, Stewart contains NO teaching or suggestion of inhibiting 1 1 -Beta 
HSDl in adipose tissue, and especially NO teaching or suggestion of inhibiting THE 
REDUCTASE activity of 11 -Beta HSDl in adipose tissue. Further still, Stewart contains NO 
teaching or suggestion of REDUCING intracellular glucocorticoid concentration in adipose 
tissue in an animal in need thereof, by inhibiting the reductase activity of 1 1-Beta HSDl in 
adipose tissue. 

In fact, as discussed in the attached Declaration firom the predecessor application, the 
knowledge in the art was that 1 1-Beta HSDl was NOT a reductase in adipose tissue; but rather, 
that it was a dehydrogenase, see Monder and White, supra. Table 1. Thus, one following the 
teachings in the art would NOT inhibit 1 1-Beta HSDl in adipose tissue to REDUCE intracellular 
glucocorticoid concentration in adipose tissue; and, more generally, one following the teachings 
in the art would NOT inhibit 1 1-Beta HSDl in adipose tissue to inhibit THE REDUCTASE 
activity of 1 1-Beta HSDl in adipose tissue. 

Simply, the Stewart is silent as to the fact that 1 1-Beta HSDl is a reductase in adipose 
tissue, and the art taught that 1 1-Beta HSDl is NOT a reductase in adipose tissue. Clearly, 
therefore, Stewart fails to teach the instant invention. 

The Office Action asserts that "the ordinary artisan . . . would have the reasonable 
expectation that administration of carbenoxolone would result in the inhibition of the reductase 
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activity of [1 1-Beta HSDl] in any tissue in the body wherein the enzyme is found and, thus, the 
glucocorticoid concentration would also be lowered in said tissues. It is noted that the ordinary 
artisan . . . would know that glucocorticoid increases acid and pepsin secretion which causes 
ulceration in animals. Therefore, the skilled artisan based on the teachings of Stewart would 
have the reasonable expectation that carbenoxolone decreases glucocorticoid levels by inhibition 
of the reductase activity of [11 -Beta HSDl]. 

Purusant to MPEP 2141.02, Applicants respectfully request that the claimed invention be 
considered as a whole. It is respectfully requested, pursuant to MPEP 2143.03, that all of the 
recitations of the claims, such as the recitations that the methods are to be performed on an 
animal in need thereof, and that the methods are for inhibiting the reductase activity of 1 1-Beta 
HSDl in adipose tissue and for reducing intracellular glucocorticoid levels in adipose tissue by 
inhibiting the reductase activity of 11 -Beta HSDl, be fully considered. Indeed, the MPEP 
directs that discovering the source or cause of a problem is part of the "as a whole" inquiry that 
is required imder Section 103. That is, that AppUcants discovered that 1 1-Beta HSDl is a 
reductase in adipose tissue, contrary to the express teachings in the art, gives rise to the 
patentability of the instantly claimed invention. 



Pursuant to MPEP 2141.02, the Examiner is also respectfully requested to consider fuly 
the teachings in the art that teach away from the presently claimed invention, especially the 
teahings in the art that 1 1-Beta HSDl was NOT a reductase in adipose tissue; but rather, that it 
was a dehydrogenase, see Monder and White, supra. Table I, which clearly support the 
patentability of the instant invention. For example, it is surprising and unexpected that 
intracellular glucocorticoid levels in adipose tissue can be reduced by inhibiting the reductase 
activity of 1 1-Beta HSDl by inhibiting 1 1-Beta HSDl ; and, it was surprising and unexpected 
that the reductase activity of 1 1-Beta HSDl in adipose tissue can be inhibited by inhibiting 11- 
Beta HSDl. 

Furthermore, Stewart provides no teaching or suggestion of the desirability of the instant 
invention and no teachings or suggestions as to the activity of 1 1-Beta HSDl in adipose tissue, 
whereas Monder and White explicitly teach away from the present invention by directly teaching 
that 1 1-Beta HSDl is a dehydrogenase in adipose tissue. 

Thus, in any balancing of these documents, as discussed in MPEP 2143.01, it is 
respectfully submitted that it is crystal clear that the present invention is patentable, especially 
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when it is considered that the burden is on the Examiner to prove unpatentability by a 
preponderance of the evidence, i.e., the Statute mandates that Applicants will be granted a patent 
and in the event of "a tie", the "tie" goes to Applicants. 

Indeed, on this point, MPEP 2143,01 mandates that the fact that the claimed invention is 
within the capabilities of one of ordinary skill in the art is NOT sufficient to establish prima facie 
obviousness, e.g., a statement that modifications of the prior art to meet the claimed invention 
would have been within the ordinary skill of the art at the time the inention was made, is not 
sufficient; and, this section of the MPEP also mandates that the prior art must suggest the 
desirability of modifying the prior art to arrive at a claimed invention ("the mere fact that 
references can be. . . modified does not render the result [] obvious unless the prior art also 
suggests the desirability"). 

There is no teaching or suggestion of the desirability of modifying Stewart to arrive at the 
instant invention; and, White and Monder would direct the skilled artisan away from modifying 
Stewart to arrive at the instant invention. Thus, the requisite reasonable expectation of success 
of the instantly claimed invention, as called for by MPEP 2143.02, is not present; and, 
Applicants have presented evidence that there was no reasonable expectation of success of the 
instant invention in the art - in the prosecution of the predecessor application and herewith. 

For instance, in addition to the Declaration and PowerPoint presentation of Exhibits 1 and 
2, submitted herewith, as further arguments in support of the patentability of the instant 
invention, is a true copy of the following, which are hereby incorporated herein by reference: the 
COMMUNICATION AFTER INTERVIEW: FORWARDING PRESENTATIONS AND 
DECLARATIONS; AND COMMENTING ON CLEAR CONTROLLING LAW THAT 
SUPPORTS ALLOWANCE ("Communciation After Interview") filed in USSN 09/029,535 
(Exhibit 3), and, the PRELIMINARY AMENDMENT AND REQUEST FOR INTERVIEW 
PRIOR TO ANY FIRST OFFICE ACTION filed in USSN 09/029,535 (Exhibit 4). 

The Communication After Interview shows that during the October 2, 2001 interview in 
the predecessor application, via the attached PowerPoint presentation, it was demonstrated that 
there are two (2) different isozymes of the enzyme (e.g., form 2 - not 11 -Beta HSDl - was that 
which was responsible for SAME in the male patient exemplified, even though initially it was 
believed that it was form 1, 1 1-Beta HSDl, responsible for his condition, showing that art 
confused what the different forms of the enzyme were indeed doing). 
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It was also demonstrated that there are five (5) different possible actions in any given 
cell, of form 1, 1 1 -Beta HSDI (e.g., dehydrogenase, or both dehydrogenase and reductase, or no 
activity because not present, or no activity because present and inactive, or a reductase), and that 
methods of the present invention involve inhibiting the reductase activity of 1 1-Beta HSDI in 
adipose cells. Given that there are five (5) different possible modes of action in any given cell, 
one could not predict the action of the enzyme in any particular cell. 

It was further demonstrated that the action of the enzyme, 11 -Beta HSDI, is cell specific, 
i.e., whether it will follow any one of the five (5) different possible modes of action in any 
particular cell depends on the cellular environment, such that one could not extrapolate firom the 
art involving the activity of the enzyme in one particular type of cell to it activity in another type 
of cell, e.g., one could not extrapolate from kidney or liver to adipose tissue. 

Even further still, it was demonstrated that there is direct teaching in the art AWAY from 
the present invention, e.g., Monder and White unequivocally state that the enzyme in adipose 
cells catalyzes ONLY oxidation. And, it was further shown that even present-day literature 
teaches that the enzyme is a dehydrogenase in adipose cells. 

Accordingly, Applicants demonstrated that the presence of 1 1-Beta HSDI in a particular 
tissue and its activity is highly relevant. Simply, firom the prior art, one could not predict 
whether 1 1-Beta HSDI is in a particular tissue or the direction of its activity. AppUcants also 
demonstrated that administration of a compound that inhibits 1 1-Beta HSDI in a particular tissue 
does not result in inhibition of the enzyme in all tissues. Thus, Applicants demonstrated that 
there was no expectation of the activity of 1 1-Beta HSDI in adipose tissue: There was no 
expectation that 1 1-Beta HSDI would act as a reductase in adipose tissue; and, there was no 
expectation that 1 1-Beta HSDI would catalyze the conversion of cortisone to Cortisol in adipose 
tissue. Thus, there is clear and convincing evidence of the patentability of the present invention. 

Furthermore, during the October 2, 2001 interview in USSN 09/029,535, the undersigned 
discussed how the controlling law clearly supports allowance of the present application. 

The undersigned respectfully reminded the participants that the Statute is clear in 
mandating that Applicants shall be entitled to a patent (35 U.S.C. §102), i.e., the USPTO bears 
the burden of proving by at least a preponderance that Applicants are not entitled to a patent; the 
USPTO merely having "a position" is insufficient to deny allowance; and, all evidence of record 
must be considered by the PTO. 
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The undersigned explained how under Rapoport v. Dement, 59 USPQ2d 1215 (Fed. Cir. 
2001) the preamble in the present claims must be considered as a limitation that imparts 
patentability, and that the intent or purpose of any prior administration of carbenoxolone must 
considered. 

In the context of the instant invention, as there was no intent or purpose for inhibiting the 
reductase activity of 1 1 -Beta HSDl in adipose tissue or for reducing glucocorticoid levels in 
adipose tissue in any previous administration of carbenoxolone, any such previous administration 
of carbenoxolone cannot be an anticipation or render the claims obvious.^ 

In re Wilson, 165 USPQ 494, 496 (CCPA 1970) and ConVl Can Co, v. Monsanto Co,, 20 
USPQ2d 1746, 1749 (Fed. Cir. 1991) were also cited and discussed during the October 2, 2001 
interview in USSN 09/029,535, for the propositions that all words in the claims must be fully 
considered in assessing patentability; and, that inherency cannot be established by probabilities 
or possibilities. 

Further still, In re Shetty, 195 USPQ 753, 756-57 (CCPA 1977) and In re Naylor, 152 
USPQ 106, 108 were discussed during the October 2, 2001 interview in USSN 09/029,535, with 
the view that "inherent obviousness" - it is respectfully submitted - makes no sense: obviousness 
cannot be predicated on what is unknown, and inherency is inmiaterial if one of ordinary skill in 
the art would not appreciate or recognize the inherent result. This led to the discussion of In re 
Marshall, 198 USPQ 344 (CCPA 1978) which held that an accidental or unwitting duplicatioon 
of an invention cannot constitute anticipation. 

In the present situation, one skilled in the art, at the time of the effective filing date of 
present appUcation, would not have recognized that 1 1-Beta HSDl is a reductase in adipose 
tissue. Indeed, the art xmequivocally taught that in adipose tissue 1 1-Beta HSDl is a 
dehydrogenase (catalyzes oxidation). 

Thus, the skilled artisan, at the time of the effective filing date of the present application, 
would not have recognized that any prior administration of an inhibitor of 1 1-Beta HSDl, e.g., 
carbenoxolone, would have resulted in inhibition of the reductase activity of 1 1-Beta HSDl in 
adipose tissue. Moreover, at the time of the effective filing date of the present application, the 
skilled artisan would not have recognized that any prior administration of an inhibitor of 11 -Beta 
HSDl, e.g., carbenoxolone, would have resuUed in reducing glucocorticoid levels in adipose 
tissue. 
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During the October 2, 2001 interview in USSN 09/029,535, and in the present situation, 
undersigned respectfully reminds the Examiner that pursuant to In re Fine, 5 USPQ2d 1596, 
1599 (Fed. Cir. 1988) and/n re Dow, 5 USPQ2d 1531-312 (Fed. Cir. 1988) that "obvious to try" 
is not the standard under Section 103, and that one cannot use hindsight reconstruction to 
deprecate the claimed invention. Also, mention is made of In re Fritch, 23 USPQ2d 1788 (Fed. 
Cir. 1992) which requires that the art must provide the suggestion of the desirability to modify 
the prior art to arrive at the present invention {see also In re Geiger, 2 USPQ2d 1276 (Fed. Cir. 
1987) and/« reLaskowski, 10 USPQ2d 1397, 1399 (Fed Cir. 1989). 

Accordingly, it is respectfully asserts that the case law requires that the prior art had to 
have suggested the desirability - or provided the motivation or incentive - of administering an 
inhibitor of 1 1 -Beta HSDl to inhibit the reductase activity of 1 1-Beta HSDl in adipose tissue 
and of administering an inhibitor of 1 1-Beta HSDl to reduce glucocorticoid levels in adipose 
tissue. Given that the prior art fails to provide any teaching, suggestion, motivation, incentive or 
desirability of the present invention, the present invention cannot be considered obvious in view 
of the prior art. 

Thus, Applicants and the undersigned previously and herewith have CLEARLY 
DEMONSTRATED THAT THE PRESENT INVENTION CANNOT be anticipated or obvious: 
Clearly there was no recognition in the prior art of the present invention (see, e.g., Marshall case 
and case law involving accidental anticipation: unwitting, unrecognized previous duplication of 
the invention cannot be an anticipation); any previous administration of an inhibitor of the 
enzyme (e.g., any previous administration of carbenoxolone) was not for the intent or purpose of 
the present invention (see recent Federal Circuit Rapoport case); and, there is no motivation or 
incentive in the art to modify the prior art to arrive at the present invention (especially in view of 
teachings away from the invention in the prior art), inter alia. 

Simply, any prior administration of an inhibitor of 1 1-Beta HSDl, e.g., carbenoxolone, is 
insufficient for the PTO to assert that the claimed methods are anticipated or obvious. 

Accordingly, pursuant to MPEP 2144.03, AppUcants have seasonably challenged the 
statements of the Examiner in the Office Action. 

Moreover, Applicants have shown that the rejections under Sections 102 and 103 cannot 
stand, as discussed during the interview with Practice Specialist George Elliot in the instant 
application on October 24, 2002. Again, it is believed that during the October 24, 2002 
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interview with Practice Specialist George Elliot that he was in agreement with the undersigned 
and Applicants as to the patentability of the instant invention, especially the patentability of the 
instant invention over Stewart; and, Practice Specialist George Elliot is again thanked for the 
many courtesies extended during the October 24, 2002 interview. 

Therefore, reconsideration and withdrawal of the rejections under Sections 102 and 103 
are respectfully requested. 



If any issue remains as an impediment to allowance, prior to issuance of any paper other 
than a Notice of Allowance, an interview, is respectfully requested, with the Examiner and 
Practice Specialist George Elliot; and, the Examiner is respectfully requested to contact the 
undersigned to arrange a mutually convenient time and manner for such an interview. 



In view of the amendments and remarks and attachments herewith, Applicants have 
addressed and overcome all of rejections of the application set forth in the Office Action, and the 
present application is in condition for allowance. 

Thus, early and favorable reconsideration and withdrawal of the rejections of the 
application as set forth in the Office Action, and, prompt issuance of a Notice of Allowance of 
claims 14-17, or an interview with supervisory review, i.e., an interview including Practice 
Specialist George EUiot, at an early date, with a view towards reaching agreement on allowable 
subject matter, are eamestly solicited. 



REQUEST FOR INTERVIEW 



CONCLUSION 




Respectfully submitted, 

FROMMER LAWRENCE & HAUG LLP 
Attorneys for Applicants/ ^ 



By: 



Reg. No. 32,147 
Tel 212-588-0800 
Fax 212-588-0500 
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APPENDIX: MARKED VERSION OF AMENDMENT 



Kindly amend the application, without prejudice, without admission, without surrender of 
subject matter, and without any intention of creating any etoppel as to equivalents, as follows: 
IN THE CLAIMS: 

Kindly amend the claims, without prejudice, without admission, without surrender of 
subject matter, and without any intention of creating any estoppel as to equivalents, as follows: 

15. (New) A method for reducing intracellular glucocorticoid concentration [in an 
animal in need thereof] in adipose tissue in an animal in need thereof, comprising inhibiting the 
reductase activity of 11-Beta-hydroxysteroid dehydrogenase 1 (11-Beta HSDl) in said tissue 
comprising administering to the animal an inhibitor of said reductase activity of 11 -Beta HSDl 
in an amount effective to so inhibit the reductase activity of 11 -Beta HSDl in said tissue and 
thus reduce intracellular glucocorticoid concentration in adipose tissue . 
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U.S.S.N. 10/061,044 
PENDING CLAIMS: 

14. (New) A method for inhibiting reductase activity of 1 l-Beta-hydroxysteroid 
dehydrogenase 1 (1 1-Beta HSDl) in an animal in need thereof in adipose tissue of the animal 
comprising administering to the animal an inhibitor of said reductase activity of 1 1-Beta HSDl 
in an amount effective to so inhibit the reductase activity of 1 1-Beta HSDl . 



15. (New) A method for reducing intracellular glucocorticoid concentration in an animal in 
need thereof in adipose tissue comprising inhibiting the reductase activity of 1 l-Beta- 
hydroxysteroid dehydrogenase 1(1 1-Beta HSDl) in said tissue. 

16. (New) The method of claim 14 wherein the inhibitor is carbenoxolone or a 
pharmaceutically acceptable salt thereof 

17. (New) The method of claim 15 wherein the inhibitor is carbenoxolone or a 
pharmaceutically acceptable salt thereof 



00088468 



U.S.S^N. 10/080,875 
PENDING CLAIMS: 



1 4. (New) A method for inhibiting reductase activity of 1 1 -Beta-hydroxysteroid 
dehydrogenase 1 (1 1 -Beta HSDl) in an animal in need thereof in neuronal tissue of the animal 
comprising administering to the animal an inhibitor of said reductase activity of 1 1-Beta HSDl 
in an amount effective to so inhibit the reductase activity of 1 1-Beta HSDl . 

15. (New) A method for reducing intracellular glucocorticoid concentration in an animal in 
need thereof in neuronal tissue comprising inhibiting the reductase activity of 1 1 -Beta- 
hydroxysteroid dehydrogenase 1(1 1-Beta HSDl) in said tissue. 

16. (New) The method of claim 14 wherein the inhibitor is carbenoxolone or a 
pharmaceutically acceptable salt thereof 

17. (New) The method of claim 1 5 wherein the inhibitor is carbenoxolone or a 
pharmaceutically acceptable salt thereof. 



U.S.S-N. 10/080,874 
PENDING CLAIMS: 

14. (New) A method for determining whether a comp ound or composition is a regulator of 
intracellular glucocorticoid activity in neuronal tissue comprising determining whether said 
compound or composition inhibits reductase activity of 1 1-Beta-hydroxysteroid dehydrogenase 1 
(1 1-Beta HSDl) in said tissue 



00088468 



U.S.S.N, 10/081,785 
PENDING CLAIMS: 



14. (New) A method for determining whether a compound or composition is a regulator of 
intracellular glucocorticoid activity in adipose tissue comprising determining whether said 
compound or composition inhibits reductase activity of 1 1-Beta-hydroxysteroid dehydrogenase 1 
(1 1-Beta HSDl) in said tissue. 

15. (New) The method of claim 1 , wherein determining whether said compound or 
composition inhibits reductase activity of 1 1-Beta HSDl comprises: 

obtaining reductase activity of 1 1-Beta HSDl in an isolate in vitro 
adipocyte cell population, and 

contacting said compound or composition with said adipocyte cell population. 
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U.S.S.N. 10/081,787 
PENDING CLAIMS: 



14. (New) A method for reducing circulating fatty acids from, or maintained by, reductase 
activity of 1 1 -Beta-hydroxysteroid dehydrogenase 1 (1 1-Beta HSDl) in adipose tissue in a 
patient in need thereof comprising inhibiting said reductase activity of 1 1-Beta HSDl in adipose 
tissue in said patient. 

15. (New) A method for reducing circulating fatty acids from, or maintained by, reductase 
activity of 1 1 -Beta-hydroxysteroid dehydrogenase 1 (1 1-Beta HSDl) in adipose tissue in a 
patient in need thereof comprising administering to said patient an inhibitor of said reductase 
activity of 1 1-Beta HSDl in adipose tissue, in an amount effective to so inhibit said reductase 
activity of 1 1-Beta HSDl in adipose tissue. 

16. (New) The method of claim 14 wherein the inhibiting is by administering carbenoxolone 
or a pharmaceutically acceptable salt thereof 

17. (New) The method of claim 15 wherein the inhibitor is carbenoxolone or a 
pharmaceutically acceptable sah thereof 

18. (New) The method of claim 14, wherein said patient suffers from one of the following: 
obesity, insuHn resistance, or obesity and insulin resistance. 

19. (New) The method of claim 15, wherein said patient suffers from one of the following: 
obesity, insulin resistance, or obesity and insulin resistance. 

20. (New) A method for treating obesity, insulin resistance, or obesity and insulin resistance 
by regulating reductase activity of 1 1 -Beta-hydroxysteroid dehydrogenase 1 (1 1-Beta HSDl) in 
adipose tissue in a patient in need thereof comprising inhibiting said reductase activity of 1 1- 
Beta HSDl in adipose tissue in said patient. 
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2 1 . (New) A method for treating obesity, insulin resistance, or obesity and insulin resistance 
by regulating reductase activity of 1 1-Beta-hydroxysteroid dehydrogenase 1 (1 1 -Beta HSDl) in 
adipose tissue in a patient in need thereof comprising administering to said patient an inhibitor of 
said reductase activity of 1 1 -Beta HSDl in adipose tissue, in an amount effective to so inhibit 
said reductase activity of 1 1 -Beta HSDl in adipose tissue. — 
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19. (New) The method of claim 14, wherein said patient suffers jfrom one of the following: 
obesity, insulin resistance, or obesity and insulin resistance. 

20. (New) The method of claim 15, wherein said patient suffers from one of the following: 
obesity, insulin resistance, or obesity and insulin resistance. 

21 . New) A method for treating obesity, insulin resistance, or obesity and insulin resistance 
by regulating reductase activity of 1 1-Beta-hydroxysteroid dehydrogenase 1 (1 1-Beta HSDl) in 
adipose tissue in a patient in need thereof comprising 

determining reductase activity of 1 1 Beta HSDl in adipose tissue, and 

inhibiting said reductase activity of 1 1-Beta HSDl in adipose tissue in said patient. 

22. (New) A for treating obesity, insulin resistance, or obesity and insulin resistance by 
regulating reductase activity of 1 1-Beta-hydroxysteroid dehydrogenase 1(1 1-Beta HSDl) in 
adipose tissue in a patient in need thereof comprising 

determining reductase activity of 1 1 Beta HSDl in adipose tissue, 

determining whether a compound or composition inhibits said reductase activity of 1 1 

Beta HSDl in adipose tissue, and 
administering to said patient said compound or composition which inhibits said reductase 
activity of 1 1-Beta HSDl in adipose tissue, in an amount effective to so inhibit 
said reductase activity of 1 1-Beta HSDl in adipose tissue. 
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Assistant Commissioner for Patents 
Washington, D.C. 2023 
Dear Sir: 

DECLARATION OF BRIAN R. WALKER, 
JONATHAN R. SECKL AND CHRISTOPHER R,W, EDWARDS 

WE, BRIAN R. WALKER, JONATHAN R. SECKL, AND CHRISTOPHER R.W. 
EDWARDS, declare and state that: 

L We are the named inventors on the above*captioned application ("the present 
application") and are familiar with it and its prosecution, including the claims, and the September 
1, 2000 Office Action, and the concurrently-filed Amendment, wherein the independent claims 
now read: 

—32. A method for inhibiting reductase activity of 1 1- 
Beta-hydroxysteroid dehydrogenase 1 (11-Beta HSDl) in an 
animal in need thereof in adipose or neuronal tissue of the animal 
comprising administering to the animal an inhibitor of said 
reductase activity of 1 1-Beta HSDl in an amount effective to so 
inhibit the reductase activity of 11-Beta HSDl. 

33. A method for reducing intracellular glucocorticoid 
concentration in an animal in need thereof in neuronal or adipose 
tissue comprising inhibiting the reductase activity of 1 1-Beta- 
hydroxysteroid dehydrogenase 1 (11-Beta HSDl) in said tissue. 

34. A method for determining whether a compound or 
composition is a regulator of intracellular glucocorticoid activity in 
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adipose or neuronal tissue comprising determining whether said 
compound or composition inhibits reductase activity of U-Beta- 
hydroxysteroid dehydrogenase 1 (1 1-Beta HSDl) in said tissue.— 

2. More in particular, we are advised and therefore believe that in the September 1, 
2000 Office Action, claims are rejected under 35 U.S.C. §1 12 because the Examiner questions 
"compound(s) useful as an inhibitor of 1 1-Beta HSDl, enablement for such inhibitors beyond 
carbenoxolone, as well as to how the skilled artisan would use such an inhibitor in treating 
certain disorders not caused by the overproduction of Cortisol; and, asserts that the specification 
does not enable one skilled in the art to use such inhibitors to treat certain disorders. We are 
also advised and therefore believe that the Office Action also rejects claims under Section 112, 
second paragraph, as lacking definiteness due to the recitation of "inhibitors of 1 l^-reductase". 
Moreover, we are advised and therefore believe that the Office Action rejects claims under 35 
U.S.C. § 102(b) as anticipated by Walker or Stewart, and under 35 U.S.C. §103 as obvious over 
Walker in view of Goodman and Oilman. 

3. We are also familiar with the present application and the concurrently-filed 
Amendment, including the new claims therein, such as those set forth above, and that the 
arguments in that Amendment are based on our assertions herein. 

4. Furthermore we. Professor Jonathan R Seckl, Dr Brian R Walker, and Professor 
Christopher RW Edwards, respectfully submit that we are experts in the field to which the 
present application pertains and particularly in the field of 1 ip-hydroxysteroid dehydrogenases. 
In addition to brief curricula vitae that may be attached for any one or all of us, we Professor 
Jonathan R Seckl and Dr Brian R Walker, have both been active researchers in this field for more 
than 10 years and, together and separately, have published more than 200 relevant primary 
articles in peer-reviewed journals and more than 80 review articles and contributions to books. 
We have obtained very substantial external research funding for our work in this area in open 
competition. We both lead research groups within the University of Edinburgh in which we 
supervise more than 40 full-time research staff who are investigating aspects of glucocorticoid 
biology, including 1 Ip-hydroxysteroid dehydrogenases. We are both asked regularly to speak to 
the subject of U^-hydroxysteroid dehydrogenase biology at national and international scientific 
meetings. Indeed, I, Professor Jonathan R. Seckl, am the Moncrieff-Amott Professor of 
Molecular Medicine (and Professor of Endocrinology) at the University of Edinburgh, Molecular 



2 



tjkl735 



PATENT 
674543*2001 

Medicine Centre, Western General Hospital, where I am Head of the Molecular Medicine Center 
(-150 scientists) and Head of the Molecular Endocrinology Laboratory (-40 scientists). I have 
more than 20 years experience in medicine and endocrinology research, have published more 
than 150 peer-reviewed primary research papers, as well as over 50 learned reviews and book 
chapters within the field of endocrinology, the vast majority address glucocorticoid biology and 
metabolism. I, Dr. Brian R. Walker, invite review of my attached brief curriculum vitae, and 
state that am a Reader and British Heart Foundation Senior Research Fellow in the Department 
of Medical Sciences, Western General Hospital, University of Edinburgh. And, I, Professor 
Christopher R. W. Edwards, am Vice-Chancellor of the University of Newcastle upon Tyne, past 
Principal of the Imperial College School of Medicine, London, and past Dean of the Faculty of 
Medicine in the University of Edinburgh and Professor of Clinical Medicine in that same 
University, with over 30 years experience in Medicine and Endocrinology. I have published on 
many aspects of endocrinology (over 400 publications including articles in Nature, JCI, Lancet 
and NEJM), especially mineralocorticoid hypertension and mechanisms conferring specificity on 
the mineralocorticoid receptor. 

5. Accordingly, in view of our education, training and experience, we are considered 
by our peers to be experts in the field to which the present application pertains, and qualified to 
knowledgeably characterize the art to which the invention in the present application relates, and 
to speak as to the present application, and the invention claimed, including being qualified to 
present expert opinions about the present inventioij and literature in support of it, and documents 
cited against the present invention. Moreover, we respectfully submit that we are qualified to 
state the knowledge in the art, and that which the skilled artisan would not have required any 
undue experimentation to practice, e.g., the enablement and the written description in the present 
application, and what the skilled artisan would have been taught, as well as what would have 
been obvious and nonobvious to the skilled artisan. 

6. Thus, this Declaration is intended to assert the sufficiency of the enablement, 
written description, novelty and inventive step (nonobviousness) of the claimed subject matter of 
the present application (as of original filing of the patent specification in August 1995), i.e., to 
respond to the rejections of the present application under 35 U.S.C. §§112, first and second 
paragraphs, and 102 and 103; which rejections we respectfully request be reconsidered and 
withdrawn in view of this Declaration and the attachments hereto. To this end we review the 
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state of knowledge in the art in 1995, demonstrate the inventive aspects in our patent 
specification, and further illustrate these with reference to more recent data. All documents cited 
herein are listed on a reference list that appears before the closing paragraph and our signatures. 
All documents cited herein are incorporated herein by reference, and a copy of those documents 
indicated in the following text as attached is included with this Declaration, to assist the 
Examiner in confirming our assertions and discussions herein.^ The Examiner is respectfully 
requested to consider and make of record documents cited herein. 

BACKGROUND 

7, Glucocorticoids are natural and synthetic steroid hormones. Physiologically they 
regulate basal metabolism in many tissues and, critically, underpin the organism's response to 
stressful stimuli. Thus, a rise in plasma glucocorticoid levels increases the availability of 
metabolic fuels, raising glucose and lipid levels in the blood, and elevates blood pressure. 
Glucocorticoids also inhibit processes not essential to inmiediate survival, such as inflanmiation 
and inmiune responses, growth, reproductive, and digestive functions. Pathological chronic 
glucocorticoid excess (Cushing's syndrome) presents with hypertension, type 2 diabetes, insulin 
resistance, central obesity, depression and memory decline. More subtle forms of glucocorticoid 
excess have been proposed to underpin the much more frequent disorders of hypertension, type 2 
diabetes/insulin resistance, dyslipidaemias, obesity and mood disorders. Therapeutically, general 
systemic manipulation of glucocorticoid levels (up or down) has widespread adverse effects that 
usually counterbalance the benefits. 

8. Glucocorticoids and mineralocorticoids, like other steroids, are lipophilic and 
readily access their intracellular receptors. Until a decade or so ago, it was thought that the main 
determinants of corticosteroid action were the levels of hormones in the blood, their binding by 
plasma proteins (eg corticosteroid binding globulin) and the varying densities of receptors in 
target tissues. However, it has become apparent that an additional and important level of control 
is exerted by pre-receptor metabolism of ligands by tissue-specific enzymes. Such modulation of 
steroid action by local metabolism has been described for other hormones, including androgens 
(5a-reductases), oestrogens (17P-hydroxysteroid dehydrogenases and aromatase), and thyroid 
hormones (5 -monodeiodinases). For glucocorticoids, the key enzymes are UP-hydroxysteroid 

* With about 70 documents cited herein, it was believed to be possibly overwhelming to have attached them all; but 
we gladly would have done so. Accordingly, in addition to the documents indicated as attached, we will gladly 
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dehydrogenases (lip-HSDs). Understanding the tissue-specific functions of 11^-HSDs - 
including through the teachings in the present application - has led to new insights into 
pathophysiology of conunon diseases. As will be clear from the discussion herein, we have 
played a major role in this area of reasearch. 

fflSTORY 

9. Almost 50 years ago Amelung and colleagues discovered the enzymic 
intercon version of active 11 -hydroxy glucocorticoids (Cortisol, corticosterone) and inert U-keto 
forms (cortisone, ll-dehydrocorticosterone). In the mid-1980s Monder and co-workers in New 
York purified an NADP(H)-dependent 1 IP-HSD activity from rat liver which catalysed both Up 
-dehydrogenation of Cortisol to inert cortisone and also the ll^-reduction of cortisone to active 
Cortisol ^. At this stage, it was suggested that the lip-dehydrogenase and UP-reductase activities 
of this enzyme 'complex' reside in different proteins ^. 1 ip-HSD was thought to represent one of 
several arcane pathways for clearance of glucocorticoids and no more specific function was 
ascribed to it. However, in the late 1980s Edwards and colleagues in Edinburgh and Funder et al 
in Melbourne recognised the key physiological importance of the inactivation of Cortisol to 
cortisone. These workers discovered that 1 Ip-HSD activity in the distal nephron could explain 
the *mineralocorticoid receptor paradox' This arose from findings that purified or 
recombinant mineralocorticoid receptors were non-selective in vitro and bound the 
glucocorticoids Cortisol and corticosterone with equal affinity to the physiological 
mineralocorticoid aldosterone ^. Nevertheless, the same receptors in vivo were aldosterone- 
specific in the face of many fold molar excess of glucocorticoid The explanation lay in lip- 
HSD which rapidly inactivated glucocorticoids in aldosterone target cells in the distal nephron, 
thus allowing selective access of aldosterone to mineralocorticoid receptors. In the congenital 
absence of this activity (the syndrome of 'apparent mineralocorticoid excess')^, or with 
liquorice-based inhibitors of UP-HSD ^, glucocorticoids illicitly occupy mineralocorticoid 
receptors causing sodium retention, hypokalemia, and hypertension. 



provide a copy of any other document cited herein upon request 
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DISCUSSION - THE PATENTABILITY OF THE PRESENT INVENTION 
Two isozymes ofllB-HSD 

10. Monder and colleagues then cloned a cDNA from a XGTl 1 expression library 
uising antibodies raised against their 1 IP-HSD purified from rat liver This cDNA hybridised 
with a product highly expressed in rat kidney and was thought to represent the active UP- 
dehydrogenase. However, it became clear that this enzyme could not explain nuneralocorticoid 
receptor *protection' in the distal nephron. For example, it was expressed widely (including in 
hippocampus, where mineralocorticoid receptors are not selective for aldosterone), was of low 
affinity (micromolar Km for active 1 l-hydroxysteroids), and did not match the regulation or co- 
factor preference of the uP-dehydrogenase activity in distal nephron. These discrepancies were 
resolved in 1993/94 with the purification and cloning ^^'^^ of a second isozyme, 11P-HSD2, 

1 1P-HSD2 is highly expressed only in classical aldosterone-selective target tissues (distal 

nephron, colon, sweat glands) and the placenta, 11P-HSD2 cDNA encodes a high affinity, NAD- 

dependent dehydrogenase which rapidly inactivates glucocorticoids with a low nanomolar Km. 

This enzyme has negligible UP-reductase activity. Mutations in the llp-HSD2 gene are seen in 

patients with the congenital syndrome of apparent mineralocorticoid excess Mice 

homozygous for targeted disruption of the llp-HSD2 gene recapitulate the features of 

glucocorticoid-dependent mineralocorticoid excess. It is therefore quite clear that 11P-HSD2 is 

the enzyme responsible for protecting mineralocorticoid receptors from glucocorticoids in vivo. 

Monder 's rat liver enzyme, llfi-HSD Type 1: 
characterisin2 the functions of ll&HSDl 

11. By this time, in the mid-1990s, extensive studies had been performed using cDNA 
and antibodies raised against 1 IP-HSDI, initially in the mistaken belief that this gene product 
encoded the 1 iP-dehydrogenase which protects renal mineralocorticoid receptors from 
glucocorticoids. 1 ip-HSDl was found to be widely expressed, most notably in liver, lung, 
adipose tissue, vasculature, ovary and the CNS. High expression was also observed in the kidney 
and testis in the rat, but not in the mouse. In many of these sites there is negligible expression of 
mineralocorticoid receptors, but glucocorticoids play a key role in regulation of metabolism 
through activation of relatively low affinity glucocorticoid receptors. By analogy with the role of 
llp-HSD2 in protecting renal mineralocorticoid receptors from glucocorticoids, liP-HSDl was 
proposed by several investigators to be a predominant UP-dehydrogenase protecting 
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glucocorticoid and/or mineralocoiticoid receptors from glucocorticoids in other tissues. 
Examples include the blood vessel wall heart ^\ breast adipose tissue testicular 
Leydig cell ovary and brain This interpretation of a predominant lip- 
dehydrogenase activity of 1 IP-HSDI in many tissues is reflected in contemporary reviews of the 
mid-1990s, eg ^. 

12. For instance, Monder and White in "1 ip-Hydroxysteroid dehydrogenase," 
Vitamins and Hormones 1993; 47: 187-271 (copy attached), outright stated at page 191 that 
'4 1-HSD in human adipose tissue has been reported to catalyze only oxidation." Moreover, to 
this day, predominant llp-dehydrogenase activity of Up-HSDl is invoked by investigators 
interpreting data in testicular Leydig cells bone cells and brain ^. And, note further that 
Monder and White, supra at page 189 teach that the dominant activity of 1 IP-HSDI in most 
tissues other than the liver is up-hydroxy oxidation. 

13. There was, however, literature which suggested that 1 IP-HSDI could function as 
an Up-reductase under some circumstances. Older literature, and literature from studies in the 
early 1990s, discussed that 1 IP-HSDI in the liver does not always predominantly function as a 
liP-dehydrogenase; specifically, in the liver it was known to have considerable liP-reductase 
activity. Experiments in isolated perfused cat liver suggested that UP-HSDI, which is the 
only isozyme expressed in the liver, is indeed a predominant 1 ip-reductase with a high capacity 
for reactivating U-ketosteroid substrate over a broad range of substrate concentrations. More 
recent work confirms this in rat liver These findings can be extrapolated to human liver in 
vivo, since historical work suggests that, on oral administration, cortisone (the first 
pharmacological glucocorticoid used in man) is rapidly activated to Cortisol. Indeed, recent 
studies confirm that very little oral cortisone reaches the systemic circulation and it was known 
that hepatic vein cortisol/cortisone ratios are very high Predominant Up-reductase activity 
was also found in primary cultures of cells from liver What was not known in 1995 was 
whether this predominant llp-reductase activity of Up-HSDl is present in many other tissues 
besides the liver. Indeed, the prevailing view, outlined above, was that the enzyme was 
predominantly an 1 iP-dehydrogenase in tissues other than the liver. 
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ll&Dehvdrosenase or 11 ^Reductase in non-hepatic tissues? 

14. In original purification studies, the UP-HSDI in the liver was shown to be bi- 
directional although, in contrast with its UP-dehydrogenase activity, the Up-reductase activity 
was unstable in vitro ^, As a result of this lack of stability of 1 Ip-reductase activity, many 
investigators deduced from the predominant liP-dehydrogenase activity in semi-purified 
enzyme preparations from other tissues that the enzyme was also a predominant 1 IP- 
dehydrogenase in vivo. Since 1995 (after the effective filing date of the present application), a 
series of studies have suggested that the enzyme prefers the reductase direction in many tissues 
unless cells are disrupted. This applies in primary cultures of cells not only from liver but also 
from adipose tissue ^, lung CNS vascular smooth muscle and Leydig cells ^ (although 
in Leydig cells and blood vessels directionality of the enzyme remains controversial ^^*^^). This 
striking change in directionality between intact cells and homogenates has never been 
satisfactorily explained, but may reflect the specific intracellular localisation of lip-HSDl in the 
inner leaflet of the endoplasmic reticulum, where neighbouring enzymes may be powerful 
generators of the reduced co-substrate NADPH. Short-term post-translational changes such as 
enzyme phosphorylation may also be pertinent, particularly to the apparent instability of the 11 p- 
reductase activity in homogenates, but remain to be investigated. Alternative explanations, such 
as longer-term post-translational modifications (varying N-linked glycosylation)^ would not 
explain why liP-HSDl activity is overwhelmingly reductive in intact cells and then shows 
predominant dehydrogenation in homogenates of these same cells. Importantly, because no 
mechanism is known which explains the directionality of activity of 1 Ip-HSDl activity in vivo, 
and because reports of predominant 1 ip-dehydrogenase activity continue to be published in 
some tissues (eg Leydig cell ^^), it cannot be assumed that UP-HSDl is a predominant reductase 
in all cells; each tissue and cell must be examined in turn. 

15. Considering specifically again the Office Action and the present invention, in two 
tissues in particular, namely, adipose tissue and neuronal tissue, the predominantly 1 Ip-reductase 
activity of 1 IP-HSDI was disclosed for the first time in the British application upon which the 
present application claims priority; namely, our original patent specification of August 1995. 
This was wholly unexpected in 1995; and again, the enzymatic activity of liP-HSDl in a 
particular tissue, such as adipose or neuronal tissue, could not be predicted from the activity of 
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this enzyme in another tissue, such as liver tissue; and, that the art had indicated that the activity 
of this enzyme in adipose and neuronal tissue was a dehydrogenase activity, contrary to the 
present invention which involves the finding that in adipose and neuronal tissue 1 l^-HSDl has 
predominantly reductase activity. Interestingly, on information and belief, two (2) years after the 
effective filing date of the present application, Stewart and colleagues identified the 
predominantly lip-reductase activity in adipose tissue in 1997, and, attempted to patent this 
finding; but, their British application on our prior discovery was not pursued, after our prior 
disclosure was identified to them. Further, Katz et al,, writing in 1999 - nearly four years after 
the effective filing date of the present application - presented data which they argued was novel 
in that it "demonstrated 1 1 beta HSD oxo-reductase activity in subcutaneous abdominal adipose 
tissue, which may be increased in obesity," further showing the novelty and nonobviousness of 
our invention (see Katz et al., "An in vivo study of the cortisol-cortisone shuttle in subcutaneous 
abdominal adipose tissue," Clin Endocrinol (OxO 50(1): 63-8 (1999), copy of Abstract attached), 
16. Accordingly, considering the office action, it is duly noted that the teaching in the 
art has been contrary to the present invention. More in particular, the present invention involves 
the discovery that 1 l^-HSDl acts as a predominant 1 ip-reductase in adipose and neuronal 
tissues, rather than being either bi-directional or predominantly an U^-dehydrogenase - contrary 
to the literature that teaches that llp-HSDl acts as a dehydrogenase or is bi-directional in diese 
tissues. Simply, in 1995, at the time of our effective filing date, it was widely accepted that liP- 
HSDl was a reductase in the liver and a dehydrogenase everywhere else. WE THEREFORE 
RESPECTFULLY CONCUR WITH THE EXAMINER THAT "the effects of modulation of the 
activity of an enzyme, including lip-reductase, in a given tissue cannot be predicted based on its 
effects in another tissue"; and, as demonstrated herein, we respectfully disagree with the 
Examiner that "the effect of a compound on an enzyme activity would be expected to be the 
same no matter which tissue said enzyme is found in." For instance, from the discussion so far, 
it is respectfully submitted that it is clear that an inhibitor of 1 1 P-HSDl, such as carbenoxolone, 
in certain tissues will inhibit dehydrogenase activity resulting in elevated Cortisol concentrations, 
and in other tissue it will inhibit reductase activity resulting in lower Cortisol concentrations. 
Simply, we have shown that the enzymatic activity of 1 IP-HSDI in a particular tissue, such as 
adipose or neuronal tissue, could not be predicted from the activity of this enzyme in another 
tissue, such as liver tissue; and, that the art had indicated that the activity of this enzyme in 
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adipose and neuronal tissue was a dehydrogenase activity, contrary to the present invention 

which involves the finding that in adipose and neuronal tissue 1 IP-HSDI has predominantly 

reductase activity. Therefore, while carbenoxolone or other inhibitors of 1 l^-HSDl** would be 

expected to inhibit 1 IP-HSDI, one could not predict the effect of the inhibitor on enzymatic 

activity, e.g., whether reductase activity or dehydrogenase activity would be inhibited, since the 

enzymatic activity of 1 IP-HSDI in any given tissue could not have been predicted. 

Further evidence for discrepancies in llfi-HSDl 
function between tissues: tissue-svecific regulation 

17. Studies of regulation of 1 Ip-HSDl expression and activity in different tissues 
reinforce the concept that the function of the enzyme cannot be extrapolated from one tissue to 
another. From extensive studies of regulation, it is clear that this is both species- and tissue- 
specific. For example, estradiol is a potent down-regulator of ll^-HSDl expression in rat liver^^ 
but not rat hippocampus or human liver ^, In comparisons of human hepatocytes and adipose 
cells in primary culture, Stewart's group have reported that the enzyme in adipose cells is 
highly regulated (eg by IGFl and tumour necrosis factor a) but the enzyme in hepatocytes is 
unaffected by these manipulations. Such tissue-specificity is probably determined by tissue- 
specific responses to these regulators, including differences in direct regulation of S' promoter 
activity in the 1 Ip-HSDl gene for example by the C/EBP family of transcription factors 

18, Further insights into tissue-specific dysregulation have emerged from very recent 
studies of liP-HSDl activity in animals and patients with insulin resistance syndromes in which 
we propose that inhibition of 1 ip-HSDl would be beneficial. Studies in leptin-resistant obese 
Zucker rats in obese humans and in patients with type 2 diabetes mellitus show that 
hepatic UP-HSDI activity is down-regulated. However, in the same animals and patients 
(Rask et al. 'Tissue-specific dysregulation of Cortisol metabolism in human obesity," manuscript 
attached) (unpublished data in type 2 diabetes mellitus shown in Figure 1), Up-HSDl activity in 
adipose tissue is enhanced rather than impaired. Thus, the predicted effects of inhibition of llp- 
HSDl cannot be extrapolated from one tissue to another, since in these syndromes of insulin 
resistance we would expect UP-HSDl inhibition to be less effective in liver and more effective 



We shall also herein demonstrate that inhibitors of 1 l^-HSDl, other than carbenoxolone, were known, and that it 
did not, in view of the knowledge in the art, require any undue experimentation to identify those other inhibitors and 
administer them. 
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in adipose tissue than in healthy subjects. Similarly, one could not predict the effect of an 
inhibitor of 1 ip-HSDl on enzymatic activity, e.g., whether reductase activity or dehydrogenase 
activity would be inhibited, since the enzymatic activity of 1 Ip-HSDl in any given tissue could 
not have been predicted,^ 



^ Of course, once one skilled in the art identified the enzymatic activity of 1 l^-HSDl in a specific tissue, it did not 
require undue experimentation to determine whether a known inhibitor of this enzyme would likewise inhibit the 
particular enzymatic activity of the enzyme in that specific tissue. 
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Figure ITissue-specific differences in 1 l^-HSDl activity in A) type 2 diabetes mellitus and B) obesity. 
Liver 1 IP-HSDI activity was measured in vivo by conversion of cortisone administered by mouth into Cortisol in 
peripheral plasma on first-pass metabolism through the liver. Adipose tissue 1 IP-HSDI was measured by incubation 
of homogenised subcutaneous adipose tissue obtained by biopsy. Data are mean ± SEM. 

In figures A, subjects were diabetic patients (closed circles) or healthy controls (open circles). 50 subjects had liver 
enzyme activity and 12 had adipose enzyme activity measurements. In figures B, subjects were fi-om lowest (open 
triangle), middle (open circle), and highest (filled circle) tertiles of body mass index. 34 subjects had liver enzyme 
activity and 16 had adipose enzyme activity measurements. 

UP-HSDl activity is down-regulated in liver and up-regulated in adipose tissue in patients with obesity and in 
patients with type 2 diabetes mellitus (the latter were selected to be lean*, so that this difference is not explained by 
obesity in the diabetic patients), (see also attached manuscript by Rask et al.) ^. 
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Evidence that llQ-HSDl amplifies glucocorticoid action in different tissues 

19. From the above, it appears that inert substrate can be reactivated by the 
predominant UP-reductase activity of UP-HSDI in many tissues in vivo. However, just because 
an enzyme is present within a tissue, this does not mean that it influences local corticosteroid 
receptor activation. For example, other hepatic enzymes which metabolise Cortisol in liver, such 
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as A-ring reductases (5a- and SP-reductases), have not been shown to modulate local 
glucocorticoid receptor activation. The reason for this remains unclear because we do not yet 
understand the intracellular 'anatomicar relationship between ll^-HSDs and the receptors they 
modulate. A large number of inhibitors of 1 l^-HSDs were identified in the art before 1995 ^ 
and evidence collected using these compounds. As discussed above, much of this evidence has 
been interpreted as supporting predominant UP-dehydrogenase activity of liP-HSDl protecting 
corticosteroid receptors in sites such as vascular smooth muscle ^^'^^'-^^ and Leydig cell 
The inference that predominant 1 l^-reductase activity of 1 IP-HSDI amplifies local 
glucocorticoid receptor activation was first hinted at in liver in the early 1990s, but not 
established for any other tissue before 1995. 
Liver 

20. In liver, glucocorticoids oppose the actions of insulin, for example by up- 
regulating expression of the rate-limiting enzyme for gluconeogenesis, phosphoenol-pyruvate 
carboxykinase (PEPCK). Experiments in healthy humans using the liquorice derivative 
carbenoxolone to inhibit Up-HSDl activity showed enhanced insulin sensitivity, as measured 
in a euglycaemic hyperinsulinaemic clamp study, attributed to lower intra-hepatic Cortisol levels. 
Subsequent studies have confirmed this. As disclosed in the patent specification, in male rats, 
estradiol potently down-regulates liP-HSDl expression '^'^ and, only in the presence of 
glucocorticoids, also down-regulates PEPCK expression Such indirect studies, as well as the 
use of liquorice-based inhibitors, indicate that impaired activity of 1 IP-HSDI in liver is 
associated with features of reduced glucocorticoid action and increased insulin sensitivity in 
hepatocytes. 

21. To explore this further, 1 ip-HSDl knock-out mice have been generated ^, as 
disclosed for the first time in the present application. These mice appear to develop normally and 
are viable, fertile and normotensive. This model shows that up-HSDl is the sole major UP- 
reductase, at least in mice, since adrenalectomised llB-HSDl knockout mice cannot convert 
administered inert U-dehydrocorticostetone to active corticosterone. However, despite slightly 
elevated basal plasma corticosterone levels (see below), 1 ip-HSDl mice have a phenotype 
compatible with impaired intracellular glucocorticoid regeneration and reduced antagonism of 
insulin action. For example, they show impaired induction of PEPCK and glucose-6-phosphatase 
in the liver on fasting and a lesser hyperglycemic response to stress or induction of obesity ^. 
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Adipose tissue 

22. By contrast with the existing evidence that 1 16-HSDl was a predominant 116- 
reductase enzyme in liver in 1995 (see above), in adipose tissue the enzyme had not been studied 
in detail and was thought to be a predominant dehydrogenase Consistent with our disclosure 
of its predominant 1 16-reductase activity in the present application, we have evidence of its 
important role in regulating adipose lipid metabolisni. Specifically, administration of a known 
amount (100 mg every 8 hours for 7 days) by a known route (orally) of a known inhibitor 
(carbenoxolone) to humans (both healthy volunteers and patients with type 2 diabetes mellitus) 
resulted in changes in lipid metabolism, as described in Figure 2. Further, mice with transgenic 
knockout of UB-HSDl have similar beneficial changes in lipid profile, as described in detail in 
the attached manuscript by Morton et al., "1 IB-hydroxysteroid dehydrogenase Type 1 Null Mice 
have an Atheroprotective Lipid Profile", and reduced leptin mRNA, a glucocorticoid-stimulated 
gene selectively expressed in adipose tissue (Figure 2). These observations are consistent with 
what is taught and described in our original patent specification would result from impaired 
regeneration of glucocorticoid by UP-HSDI in adipose tissue. 

23. Moreover, in the original interpretation of the insulin sensitising effect of the 1 16- 
HSD inhibitor carbenoxolone in healthy humans (see our prior publication Walker et al., 
"Carbenoxolone Increases Hepatic Insulin Sensitivity In Man: In vivo Evidence That Ligand 
Metabolism Modulates Activation of Glucocorticoid Receptors," J. Endocrinology 104 
supplement, 1994; and ^\ we proposed that this was mediated by lowered intra-hepatic 
glucocorticoid levels. This interpretation was based on the observation that carbenoxolone did 
not alter glucose uptake in the forearm circulation in man. However, forearm blood flow is 
almost entirely through skeletal muscle. Therefore, these published measurements did not 
address the possibility that enhanced sensitivity to insulin in adipose tissue might contribute to 
the effect of carbenoxolone. Consistent with the disclosure in the present application, our most 
recent, unpublished, studies (see attached manuscript by Morton et al and Figure 2) evince that 
an important site of action of carbenoxolone in healthy patients and in patients with insulin 
resistance syndromes (exemplified here by type 2 diabetes mellitus) is to inhibit 1 16-reductase 
activity in adipose tissue, thereby enhancing altering adipose metabolism and producing 
beneficial changes in lipid profile. In parallel with these changes in lipid metabolism we can 
expect enhanced peripheral glucose uptake in adipose tissue. Thus, the findings in Morton et al. 
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and in Figure 2 are consistent with the teachings in the present application concerning the utility 
of liP-HSDl inhibition in lowering intracellular Cortisol concentrations in adipose tissue, i.e. the 
beneficial effect of the 116-HSDl inhibitor, e.g., carbenoxolone, is mediated at least in part in 
adipose tissue. Note especially, that this beneficial effect in adipose tissue could not be 
extrapolated from prior art data available for liver before 1995, which specifically rejected the 
hypothesis that enhanced glucose uptake in peripheral tissues (skeletal muscle or adipose tissue) 
was an important effect of carbenoxolone. Further, one might also argue that the prior art 
involving the liver was inconclusive: although it may have shown that carbenoxolone could 
enhance insulin sensitivity {see Walker et al., "Carbenoxolone Increases Hepatic Insulin 
Sensitivity In Man: In vivo Evidence That ligand Metabolism Modulates Activation of 
Glucocorticoid Receptors," J. Endocrinology 104 supplement, 1994), it did not demonstrate 
conclusively that this was mediated by changes in hepatic intracellular glucocorticoid 
concentration. From the above, our interpretation today is that the enhancement of insulin 
sensitivity by carbenoxolone administration in humans may be in large part accounted for by 
changes in intra-adipose glucocorticoid concentration - something consistent with the teachings 
in the application and something not taught or suggested in the art- and that the prior art 
teachings of Stewart and Walker (cited in the Office action) have turned out to be possibly 
inconect^ 



The Examiner is respectfully requested to consider that as the inventive entity on the present application involves 
co-authors on the Stewart et al. and Walker et ah articles, and that the inventors on the present application are all 
academics, for us to assert that previous publications by named inventors on the present application are incorrect, it 
is respectfully submitted, should be considered to be highly probative because seldom does an academic admit that 
any one of his publications are incorrect, especially in the "publish or perish" world of academia. 
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Figure 2; 

Influence of inhibition of 1 ip-HSDl on adipose metabolism 

A) Effect of administration of carbenoxolone on fasting plasma lipids in healthy humans and patients with type 2 
diabetes mellitus. 

6 men with type 2 diabetes mellitus and 6 healthy controls were administered placebo (filled bars) and 
carbenoxolone (open bars) in a randomised double-blind crossover study, as Imown in the art. Fasting levels of 
plasma lipids are shown. Carbenoxolone did not affect total cholesterol, but lowered triglyceride and raised HDL 
(high density lipoprotein) cholesterol concentrations. These beneficial effects are consistent with an effect to lower 
Cortisol concentrations within adipose tissue. 
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B) Plasma lipids and adipose tissue leptin mRNA levels in mice with transgenic knockout of 1 IP-HSDI. 
Plasma lipids are shown from 6 wild type (filled bars) and 6 llp-HSDl -A knockout animals on ad libitum diet. 
Data are mean ± SEM. * indicates p<O.OS versus wild type. 1 iP-HSDi knockout animals have lower triglyceride 
levels, and higher HDL cholesterol levels, but not difference in total cholesterol levels. These effects are consistent 
with lowered corticosterone concentrations in adipose tissue, as explored in detail in attached manuscript by Morton 
et al.. This contention is supported by the reduced expression of leptin mRNA (a glucocorticoid-stimulated 
transcript) in adipose tissue in llfi-HSDl knockout mice. 




24. Accordingly, the beneficial effects of administering an 1 16-HSDl inhibitor for 
inhibition of reductase activity in adipose tissue, e.g., of 1 Ip-HSDl inhibition in adipose tissue, 
could not have been extrapolated from prior art relating to the liver; and, the teachings in the 
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present application, for instance, the administration of an 1 Ip-HSDl inhibitor, e.g., 
carbenoxolone, for inhibition of liP-HSDl in adipose tissue with beneficial results, can be 
practiced without undue experimentation. Thus, the present invention is indeed novel and 
nonobvious, is described in the present application, and is enabled, e.g., can be practiced without 
undue experimentation. 
Brain 

25. In 1995, the view in the literature was that 1 ip-HSDl was a predominant 1 ip- 
dehydrogenase in several brain regions which protected corticosteroid receptors from activation 
by glucocorticoids 23;28;6i-63 disclosure in the present application of predominant lip- 
reductase activity of 1 IP-HSDI in cultured hippocampal neurons was entirely novel and has 
since been published In the CNS, glucocorticoids regulate key developmental, metabolic, 
neurotransmitter and structural functions, particularly in neurons. Chronic glucocorticoid excess 
has deleterious effects most notably in the hippocampus which has a very high density of 
corticosteroid (glucocorticoid) receptors. In hippocampal cells, 11-dehydrocorticosterone is as 
potent as corticosterone in potentiating excitatory amino acid neurotoxicity in vitro, an effect lost 
on inhibition of the enzyme These findings, disclosed in the 1995 application, also indicated 
that inhibition of this hitherto unexpected reductase activity might be of utility in treating or 
preventing glucocorticoid excess-associated disorders of the brain, notably age-related cognitive 
(learning and memory) dysfunctions and affective (depressive) illnesses. Further studies in llp- 
HSDl null mice support the notion that reduction of the enzyme attenuates the deleterious effects 
of chronic glucocorticoid excess upon cognitive function with aging in vivo (see attached 
manuscript by Yau et al., "Lack of tissue glucocorticoid reactivation in 1 iP-hydroxysteroid 
dehydrogenase type 1 knockout mice prevents age-related cognitive impairment"). The 116- 
HSDl knock-out mice do not show the loss of the ability to learn in the watermaze (a test of 
hippocampus-associated cognitive function) that otherwise occurs in the majority of aged wild- 
type mice (see Fig 3 below), showing that administration of an 1 IB-HSDl inhibitor for inhibition 
of 116-HSDl in neuronal tissue can indeed have beneficial results, as taught in the present 
application. Furthermore, the beneficial effects of administering an llp-HSDl inhibitor for 
inhibition of reductase activity in neuronal tissue, e.g., of Up-HSDl inhibition in neuronal 
tissue, cannot be extrapolated from observations in the liver (as argued above). Thus, the present 
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invention is indeed novel and nonobvious, is described in the present application, and is enabled, 
e.g., can be practiced without undue experimentation. 

Figure 3: (A) Impaired learning of aged wild type, but not llB-HSD-1 knockout mice in the watermaze. 
Mice were trained for 5 consecutive days (4 trials/day) to find and escape onto a randomly located flagged hidden 
platform. Young wild type 129/Ola mice (black-open circles) and young 116-HSDl knockout (blue-open triangles) 
learned the task well, swimming to the platform within 15 seconds after 5 days of training. Aged (18-20 month) wild 
type (red-closed circles) mice failed to learn the task over 5 days of training. In contrast, aged (18-20 month) 116- 
HSDl knockout mice (green-open squares) learned the task as well as the young mice by the 4th and 5th days of the 
trials.* P<0.05 compared to all other groups. 

(B) Failure to learn the proximally cued watermaze task following experimental hippocampal lesions in young 
129/Ola mice, indicating hippocampal-dependence of this task in this strain. 




llB-HSDl in human disease: patients in need ofllB-HSDl inhibition 

26. Having demonstrated the benefits of 1 ip-HSDl inhibition, which patients are 
most likely to benefit? Importantly, the beneficial effects of llp-HSDl inhibition are not 
predicated on whether increased Cortisol intracellular concentration in fat or liver is a 



18 



tjkl735 



PATENT 
674543-2001 

pathophysiological mechanism in the disease in question. Evidence of potent effects of liP- 
HSDl inhibition in healthy animals and humans described above illustrates that the benefits of 
this strategy are unlikely to be limited to patients with pathological up-regulation of 1 1^-HSDl 
enzyme activity. Nevertheless, data above also emphasises that findings in healthy patients may 
not always be extrapolated to disease states of interest, and that the beneficial effects of 1 IP- 
HSDl inhibition in patients may differ according to basal Up-HSDl activity in different tissues, 

27. Glucocorticoid excess and deficiency produce the dramatic clinical features of 
Cushing's syndrome and Addison's disease, respectively. It has long been suspected that 
glucocorticoids contribute to the pathophysiology of more conmion disorders, including 
hypertension, obesity and type 2 diabetes mellitus. Understanding the physiological role of 11 3- 
HSDs has led clinical investigators to address the importance of pre-receptor metabolism. Subtle 
deficiency of 11P-HSD2 may be important in some patients with essential hypertension The 
potential importance of llp-HSDl in pathophysiology and treatment has only been appreciated 
relatively recently. Impaired 1 IP-HSDI may be important in liver. As above, in the leptin 
resistant Zucker obese rat, Ilj3-HSD1 is impaired in liver, a change predicted to ameliorate the 
local intrahepatic metabolic consequences of the obesity However this may also activate the 
hypothalamic-pituitary-adrenal (HPA) axis to compensate for the increased clearance of 
glucocorticoids though reduced hepatic regeneration {see the attached manuscript of Harris et al., 
"Intracellular regeneration of glucocorticoids by up-HSDl plays a key role in regulation of the 
HPA axis: analysis of ll^-HSDl deficient mice")* It appears that similarly impaired hepatic 11 
P-HSDl in liver occurs in patients with polycystic ovary syndrome ^ and primary obesity 

This predicts that hepatic uP-HSDl inhibition may be less beneficial in these patients. 

28. However, enhanced 1 IP-HSDI may also be important in increasing local 
glucocorticoid action and promoting adverse metabolic effects. In the face of impaired UP- 
HSDl activity in liver, Zucker obese rats show selectively enhanced activity of 1 Ip-HSDl in 
omental adipose tissue Very recent studies suggest the same tissue-specific pattern of 
dysregulation of llp-HSDl (i.e. impaired in liver, enhanced in adipose tissue) in human 
obesit/"^ and type 2 diabetes mellitus (Figure 1). This predicts greater benefit to adipose 
metabolism from liP-HSDl inhibition in these patients. Accordingly, it is respectfully submitted 
that it is readily apparent that the present invention is applicable to, and can be practiced without 
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undue experimentation in, pathological syndromes involving adipose tissue such as obesity, as 
well as diabetes, and Gushing' s syndronnie. ^ 

29. While 1 IP-HSDI activity has yet to be directly measured in the brain in 
pathological syndromes such as cognitive dysfunction of aging and depression, there is indirect 
evidence of the importance of Cortisol in many patients with these conditions. For example, 
inhibition of Cortisol secretion is an effective treatment in depression^^, and circulating levels of 
Cortisol predict the rate of cognitive decline in older subjects Note again the attached 
manuscript of Yau et al. Accordingly, it is respectfully submitted that it is readily apparent that 
the present invention is applicable to, and can be practiced without undue experimentation in, 
pathological syndromes involving neuronal tissue, such as cognitive dysfunction of aging and 
depression. Note again the attached manuscript of Harris et al. (and references 61, 62 and 63) 
which confirms that Up-HSDl expression is highest in the hippocampus and cerebellum, where 
glucocorticoids have important effects upon electrophysiological parameters, behavior and 
cognition, as well as neuronal development, structure and survival. 

30. These utilities of the present invention support the subject matter of claims 32-34 
and the claims dependent thereon; and, the present application provides a written description and 
enablement for the subject matter of claims 32-34 and the claims dependent thereon. For 
instance, with respect to these syndromes and other conditions, a method for inhibiting reductase 
activity of 1 1-Beta-hydroxysteroid dehydrogenase 1 (1 1-Beta HSDl) in an animal in need 
thereof in adipose or neuronal tissue of the patient comprising administering to the animal an 
inhibitor of said reductase activity of 11-Beta HSDl in an amount effective to so inhibit the 
reductase activity of 1 1-Beta HSDl, is quite useful; and, inhibiting 1 1-Beta HSDl can be 
practiced without any undue experimentation from the disclosure in the present application and 
the knowledge in the art. Likewise, as to these syndromes and other conditions, a method for 
reducing intracellular glucocorticoid concentrations in an animal in need thereof in neuronal or 
adipose tissue comprising inhibiting the reductase activity of 1 l-Beta-hydroxysteroid 
dehydrogenase 1 (1 1-Beta HSDl) in said tissue, is quite useful; and, inhibiting 11-Beta HSDl 
can be practiced without any undue experimentation from the disclosure in the present 
application and the knowledge in the art. Similarly, a method for determining whether a 
compound or composition is a regulator of intracellular glucocorticoid activity in adipose or 
neuronal tissue comprising determining whether said compound or composition inhibits 
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reductase activity of ll-Beta-hydroxysteroid dehydrogenase 1 (11 -Beta HSDl) in said tissue, 
e.g., to ascertain new inhibitors of the enzyme in these tissues and/or to test whether known 
inhibitors act as they would be expected to act in view of the knowledge in the art and the 
disclosure in the present application, such practiced without any undue experimentation from the 
disclosure in the present application and the knowledge in the art. (See also discussion infra 
with respect to the Section 112 rejections.) 
Further response to issues raised in the Office Action 

31. It is respectfully submitted that the foregoing shows the patentability of the 
claimed subject matter. More in particular, as to the rejections of claims under 35 U.S.C. 

§ 102(b) as anticipated by Walker or Stewart, and under 35 U.S.C. §103 as obvious over Walker 
in view of Goodman and Oilman, it is respectfully submitted that the foregoing shows that one 
could not have extrapolated from Walker or Stewart to the present invention; and, that Stewart 
and Walker, either individually or in any combination, including in combination with Goodman 
and Oilman, fails to teach or suggest the present invention.^ Therefore, reconsideration and 
withdrawal of the art rejections under Sections 102 and 103 are respectfully requested/ 

32. With respect to the rejections under Sections 1 12, initially it is noted that the 
present application indeed shows in the Examples, and in reference 22 (Rajan, Edwards, & 
Seckl, J. Neurosci 16:65-70 (1996), copy attached), the neuronal effects of UP-reductase 
inhibitors, as well as the role of 1 IP-HSDI in adipocyte maturation, i.e., the reductase activity of 
IIP-HSDI in adipose and neuronal tissue, and the benefits of inhibiting this activity. 
Furthermore, the Figures provide doses of an inhibitor of the reductase activity of 1 1-Beta HSDl 
from which the skilled artisan can make and use the claimed invention, without undue 



^ Goodman and Gilman are documents that contain general teachings that have already been discussed during the 
prosecution of the present application. These documents do not supply the deficiencies of Stewart and Walker. For 
instance, Goodman and Gilman do not allow one to extrapolate from the teachings to Stewart and Walker to adipose 
and neuronal tissue as in the present invention. Accordingly, it is respectfully submitted that Goodman and Gilman 
do not add to Stewart and Walker and that Stewart and Walker, either individually or in any combination, including 
in combination with Goodman and Gilman, fails to teach or suggest the present invention. 

^ It is also noted that claims 32 and 33 use the term **in an animal in need thereof*; and, we are advised and therefore 
believe that this phrase avoids having the claims read upon any previous administration of an inhibitor of the 
reductase activity of 1 1-Beta HSDl for purposes other than inhibiting the reductase activity of 1 1-Beta HSDl in 
adipose or neuronal tissue or reducing intracellular glucocorticoid concentration in neuronal or adipose tissue, i.e., 
we are advised and therefore believe that this phrase is used to have the claims avoid reading on any prior 
administrations of inhibitors of the reductase activity of 1 1-Beta HSDl. In other words, we are advised 
and therefore believe that the phrase is employed to further distinguish the claimed invention. 
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experimentation. Even further still, as to inhibitors of 1 1-Beta HSDl, the attached article by 
Monder and White, in Table IV at pages 196-198 provides a rather lengthy list of inhibitors of 11 
P-hydroxysteroid dehyrogenase, such that contrary to the Office Action, the skilled artisan 
understands compounds encompassed by the phrase ''an inhibitor of 1 l^-reductase" and this 
phrase is not indefinite or lacking clarity. Similarly, the term ''an inhibitor of said reductase 
activity of ll*Beta HSDl" is clear and definite and the skilled artisan requires no undue 
experimentation to ascertain and administer an inhibitor of the reductase activity of 1 1-Beta 
HSDl from the knowledge in the art and the teachings in the application. 

33. Indeed, in addition to the lengthy list of inhibitors in Monder and White, we note 
that documents cited in the Office Action or during the prosecution also show inhibitors and 
modes of administration, such as Walker et al., "Carbenoxolone Increases Hepatic Insulin 
Sensitivity in Man: A Novel Role for 1 1-oxosteroid Reductase in Enhancing Glucocorticoid 
Receptor Activation," J. Clin. Endocrinology and Metabolism 80 (1 1): 3155-59 (1995). Thus, in 
the art, carbenoxolone and the lengthy list in Monder and White were known inhibitors. Gomez- 
Sanchez et al., *'Central hypertensinogenic effects of glycyrrhizic acid and carbenoxolone," Am J 
Physiol 263 (6 Pt 1): E1125-E1130 (1992) showing that licorice, glycyrrhizic acid, and 
carbenoxolone were known inhibitors, as well as the infusion of glycyrrhizic acid and 
carbenoxolone into the lateral ventricle of the brain of the rat at doses less than that which has an 
effect when infused subcutaneously, produces hypertension, showing that such compounds were 
administered subcutaneously, orally, and by infusion; see also Whorwood et al., "Licorice 
inhibits 1 1 beta-hydroxysteroid dehydrogenase messenger ribonucleic acid levels and potentiates 
glucocorticoid hormone action," Endocrinology 132 (6): 2287-92 (1993) (copy of Abstract 
attached). Even further still, Homma et al., "A Novel I iP-Hydroxsteroid Dehydrogenase 
Inhibitor Contained in Saiboku-To, a Herbal Remedy for Steroid-dependent Bronchial Asthma," 
J. Pharm Pharmacol 46:305-309 (1994) (copy attached), Zhang et al., "Inhibition of 11^- 
Hydroxysteroid Dehydrogenase Obtained from Guinea Pig Kidney by Furosemide, Naringenin 
and Some Other Compounds," J Steroid Biochem Molec Biol 49(l):81-85 (1994) (copy 
attached), and Lee et al., "Grapefruit juice and its flavenoids inhibit 1 l(3-hydroxysteroid 
dehydrogenase," Clin Pharmacol Ther 59:62-71 (1996) (copy attached), evince even more 
inhibitors that can be administered in knowrn ways (both in terms of doses and routes of 
administration), such as flavenoids, which "are sold in tablet form in health food stores and drug 
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Stores," and herbs or constituents of herbs. See also Morris et al., "Endogenous 1 1 beta- 
hydroxysteroid dehydrogenase inhibitors and their role in glucocorticoid Na+ retention and 
hypertension," Endocr Res 22(4):793-801 (1996) (progesterone metabolites as inhibitors, and 
progesterone is also a substance that can be administered - both in terms of doses and routes of 
administration - without undue experimentation). 

34. Accordingly, the Examiner is respectfully requested to reconsider and withdraw 
the Section 1 12 rejections: The new claims do not specifically recite any particular method of 
treatment, i.e., no particular disease is being "treated"; the terms in the claims are indeed clear 
and definite; the present application contains a written description and enablement for the now 
claimed methods, and these methods clearly have utility; the now claimed methods are indeed 
operative, as discussed in the present application and herein and the attachments hereto; and, one 
skilled in the art, from the knowledge in the art and the teachings in the application, can practice 
the now claimed methods, without any undue experimentation, including without any undue 
experimentation in selecting a suitable inhibitor, and a dose therefore and a route of 
administration thereof.^ 



^ In this regard, we are advised and therefore believe that a specification need only begin teaching where the prior art 
leaves off. Thus, the present application did not need to provide an exhaustive list in inhibitors, doses of inhibitors, 
and routes of administration. Furthermore, in view of the inability to predict from teachings concerning the activity 
of 1 Ip-HSDl in the liver, the activity of 1 I^-HSDl as a reductase in adipose and neuronal tissue, and thus the 
inability to predict the activity of an inhibitor of 1 l^-HSDl in adipose and neuronal tissue from teachings 
concerning 1 iP-HSDl in the liver, prior administrations of inhibitors of 1 Ip-HSDl did not teach or suggest the 
present invention. Indeed, we are advised and therefore believe that U.S. case law supports this assertion. For 
instance, we are advised and therefore believe that In re Marshall, 578 F.2d 301, 198 U.S.P.Q. (C.C.P.A. 1978) 
dealt with method claims for orally administ^ng a compound in amounts sufficient to produce body weight loss. 
Some specific claims recited a range of the amount to be taken daily for producing weight loss, and the prior art, the 
Physician *s Desk Reference (PDR) disclosed the same compounds for oral administration for treating ulcers and 
other gastrointestinal problems. We understand that the C.C.P. A. reversed the art rejection, stating that, "If anyone 
ever lost weight by following the PDR teachings, it was an unrecognized accident. An accidental or unwitting 
duplication of an invention cannot constitute an anticipation. In re Felton, 484 F.2d 495, 500, 179 U.S.P.Q. 
295, 298 (C.C.P.A. 1983)" (emphasis added). See also In re Felton (cited by the C.C.P.A. in Marshall, supra)\ 
Tilghman v. Proctor, 102 U.S. 707 (1880); Eibel Process Co. v. Minnesota and Ontario Paper Co,, 261 U.S. 45 
(1923) (all, as we are advised, for the proposition that the mere fact that a reference's generic disclosure might 
fortuitously result in narrower limitations of a later claim cannot constitute anticipation). Moreover^ we 
understand that even if a reference disclosure inevitably produces the claimed subject matter, if It is 
produced in such a manner as to go unnoticed and undetected, the reference cannot constitute an anticipation 
under Section 102. In re Seaborg (I), 328 F.2d 993, 140 U.S.P.Q. 659 (C.C.P.A. 1964); In re Seaborg (II), 328 
F.2d 996, 140 U,S.P.Q. 662 (C.C.P.A. 1964). See also The General Tire & Rubber Co. v. Jefferson Chenu Co., Inc., 
182 U.S.P.Q. 70 (2d Cir. 1974), In re Antonson, 124 U.S.P.Q. 132 (C.C.P.A. 1959), International Nickel Co. v. Ford 
Motor Co,, 119 U.S.P.Q. 72 (S.D.N. Y. 1958), and Eibel Process Co. v. Minnesota & Ontario Paper Co., 261 U.S. 
45 (1923) (all, as we are advised, for the classic holding that invention resides in recognizing a problem, as well as 
providing a solution). Indeed, we understand that in Eibel the US Supreme Court recognia^ that accidental 
results, not intended and not appreciated, do not constitute anticipation. See also General Tire, 182 U.SP.Q. at 
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SUMMARY AND REQUEST FOR INTERVIEW 

35, This declaration reviews the evidence that predominance of the 1 ip-reductase 
activity of UP-HSDl cannot be extrapolated from one tissue to another, that within each tissue 
the influence of the enzyme differs in different groups of patients, and therefore that the effect of 
1 IP-HSDI inhibition was not predictable in every tissue based on existing knowledge of its role 
in liver in 1995. This declaration also shows that the now claimed subject matter is sufficiently 
described and enabled in the present application, is operative, is claimed in clear and definite 
terms, and can be practiced without any undue experimentation. Accordingly, it is respectfully 
requested that the rejections of the September 1, 2000 Office Action be reconsidered and 
withdrawn. Moreover, we would welcome the opportunity to further explain any aspect of the 
present invention or this declaration to the Examiner, her SPE, and a Group 1600 Practice 
Specialist, in person. Therefore, if any issue remains as an impediment to allowance, we 
respectfully request a personal interview with the Examiner, her SPE, and a Group 1600 Practice 
Specialist, prior to issuance of any paper other than a Notice of Allowance; and, pursuant to this 
request the Examiner is also asked if she could please contact our representative, Mr. Thomas J. 
Kowalski, FROMMER LAWRENCE & HAUG LLP, 745 Fifth Avenue, New York, NY 10151, 
tel 212-588-0800, fax 212-588-0500, email TKowalski@FLHLaw.com, to arrange a mutually 
convenient time and manner for such an interview, 
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37. We fimherdficlarethm all statements made herein of our own 
and itaiali statements made on information and belief are believed to be true; and, that these 
statements were made with the knowledge that wtllful fiJse statements and the like so made are 
punishdsle by fine or impriscmffient, or botb« undar Section 1001 of Title 1 8 of the United States 
Code and thid such wilUuI statements may jeopardize (he validity of the application or any patent 
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An in vivo study of the cortisol-cortisone shuttle in subcutaneous 
abdominal adipose tissue. 

Katz JR, Mohamed-Ali V, Wood PJ, Yudkin JS, Coppack SW 

UCL Department of Medicine, Whittington Hospital, London, UK. 

OBJECTIVE: Previous in vitro studies have demonstrated significant 11 -beta 
hydroxysteroid dehydrogenase (1 1 beta-HSD) oxo-reductase activity in visceral, 
but not subcutaneous adipose stromal cells. We have conducted an in vivo study 
of the cortisol-cortisone shuttle in subcutaneous abdominal adipose tissue. 
DESIGN: We measured arteriovenous (A-V) differences in serum Cortisol and 
cortisone across subcutaneous abdominal adipose tissue and forearm muscle in a 
heterogeneous group of subjects. PATIENTS: We studied 34 subjects 
(male:female = 12:22), age median (interquartile range) 45 (19-65) years, body 
mass index 32.7 (20.4-77.1) kg m-2, total body fat 34.4 (5.6-1 19.1) kg. 
MEASUREMENTS: Serum Cortisol and cortisone were measured in serum 
samples from a radial artery, superficial epigastric vein and deep forearm vein. 
Abdominal adipose and forearm blood flow rates were measured by 133Xenon 
washout and plethysmography, respectively. RESULTS: For cortisone, there was 
significant (P < 0.001) clearance by adipose tissue, with an A-V difference of 4 
(1-7) nmol/1. For Cortisol there was a trend for arterial concentrations (203 
(142-292) nmom) to be lower than venous (225 (1 52-263) nmol/1), but this was 
not significant. The adipose tissue cortisone clearance rate correlated with total 
body fat (r = 0.35, P = 0.05). CONCLUSIONS: We have demonstrated 1 1 
beta-HSD oxo-reductase activity in subcutaneous abdominal adipose tissue, which 
may be increased in obesity. 
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Endogenous 11 beta-hydroxysteroid dehydrogenase inhibitors and 
their role in glucocorticoid Na+ retention and hypertension. 

Morris DJ, Souness GW 

Department of Pathology and Laboratory Medicme, Miriam Hospital, Lifespan 
and Brown University School of Medicme, Providence, RI 02906, USA. 

1 1 beta-hydroxysteroid dehydrogenase (1 1 beta-HSD) metabolizes active 
glucocorticoids to their inactive 1 1 -dehydro products and protects renal 
mineralocorticoid receptors from the high circulating levels of endogenous 
glucocorticoids. 1 1 beta-HSD has been suggested to be important not only in the 
control of renal sodium retention but also blood pressure. We had previously 
shown that 1 1 alpha- and 1 1 beta-hydroxyprogesterone (1 1 alpha- and 1 1 
beta-OHP) were (I) potent inhibitors of 1 1 beta-HSD (Isoforms 1 and 2) activity 
in vitro, (ii) able to confer mineralocorticoid (MC) activity upon corticosterone 
(B) in vivo and (iii) hypertensinogenic when chronically infused into 
Sprague-Dawley (SD) rats. In addition we also showed that 3 
alpha,5B-tetrahydroprogesterone (3 alpha,5B-THP) and chenodeoxycholic acid 
(CDC A) were potent inhibitors of 1 1 beta-HSD 1 activity but not 1 1 beta-HSD2 
activity, however, these substances were still able to confer MC activity upon B in 
the adrenalectomized rat. To assess the possible blood pressure modulating effects 
of 3 alpha,5B-THP and CDCA we have now infused these substances into intact 
SD rats continuously for 14 days. Both 3 alpha,5B-THP and CDCA caused a 
significant elevation in blood pressure within seven days, an effect that persisted 
throughout the 14-day infusion. These results show that both 3 alpha,5B-THP and 
CDCA are hypertensinogenic in the rat and that the inhibition of either 1 1 
beta-HSD2 or 1 1 beta-HSD 1 activity by endogenous progesterone metabolites and 
CDCA may be involved in the pathology of hypertension. 
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Licorice inhibits 11 beta-hydroxysteroid dehydrogenase 
messenger ribonucleic acid levels and potentiates glucocorticoid 
hormone action. 

Whonvood CB, Sheppard MC, Stewart PM 

Department of Medicine, University of Birmingham, Queen Elizabeth Hospital, 
Edgbaston, United Kingdom, 

1 1 beta-Hydroxysteroid dehydrogenase (1 1 beta HSD) is responsible for the 
interconversion of Cortisol to cortisone [corticosterone (B) to 
1 l-dehydrocorticosterone in rodents] and confers ligand specificity to the 
mineralocorticoid receptor. Inhibition of 1 1 beta HSD by licorice derivatives 
[glycyrrhizic and glycyrrhetinic (GE) acids] results in cortisol/B and not 
aldosterone acting as a potent mineralocorticoid. 1 1 beta HSD is ubiquitously 
expressed and, by converting active glucocorticoid to inactive metabolites, may be 
an important prereceptor regulator of ligand access to the glucocorticoid receptor 
(GR). To investigate this further, we have studied the effect of 1 1 beta HSD 
inhibition by licorice derivatives on PRL gene expression (a known glucocorticoid 
target gene) in rat pituitary GH3 cells. Glycyrrhizic acid administration to rats in 
vivo (75 mg/kg.day for 5 days) resulted in inhibition of 1 1 beta HSD activity, as 
previously reported, but also a significant reduction in steady state 1 1 beta HSD 
mRNA levels in both predominantly mineralocorticoid (kidney and distal colon) 
and glucocorticoid (liver and pituitary) target tissues. In vitro, 1 1 beta HSD 
mRNA and activity were present in rat pituitary GH3 cells (81% conversion of B 
to 1 l-dehydrocorticosterone/4 x 10(6) cells after 24-h incubation) and inhibited by 
GE in a dose-dependent fashion. While B or GE alone (10(-8)-10(-5) M) had little 
or no effect on PRL mRNA levels or immunoassayable PRL, combinations of GE 
plus B resulted in marked inhibition of PRL mRNA levels and secretion, to such 
an extent that a concentration of 10(-6) M B with 10(-6) M GE was more potent 
than equimolar concentration of the synthetic GR agonist RU 28362. This 
inhibitory effect on PRL mRNA levels was blocked by a 10-fold excess of the GR 
antagonist RU 38486, but not by a 10-fold excess of the mineralocorticoid 
receptor antagonist RU 26752, confirming that this potentiation of glucocorticoid 
hormone action was operating through the GR and not the mineralocorticoid 
receptor. In addition to its established role as a competitive mhibitor of 1 1 beta 
HSD, licorice results in pretranslational inhibition of 1 1 beta HSD both in vitro 
and m vivo. 1 1 beta HSD is clearly an important mechanism in regulating tissue 
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Abstract 

llB-hydroxysteroid dehydrogenase type I (116-HSD-l) intracellularly regenerates active 
corticosterone from circulating inert ll-dehydrocorticosterone (ll-DHC) in specific tissues. We 
examined the functional significance of 116-HSD-l in the CNS using knockout mice. Aged wild- 
type mice developed elevated corticosterone levels which correlated with learning deficits in the 
watermaze. In contrast, despite elevated plasma corticosterone levels throughout life, aged 116- 
HSD-l knockout mice did not manifest deficits in watermaze learning, implicating lower 
intraneuronal corticosterone levels through lack of 11-DHC reactivation. Indeed, aged knockout 
mice showed significantly lower hippocampal tissue corticosterone levels than wild-type controls. 
Selective 1 lB-HSD-1 inhibitors may protect against cognitive decline with age. 
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Introduction 

Much evidence in rodents, non-human primates and humans suggests that prolonged elevation of 
blood glucocorticoid levels impairs cognitive function, an effect which becomes more marked with 
ageing ^'l Chronic glucocorticoid excess has deleterious actions upon brain neuronal biochemistry 
and electrophysiological function (particularly in the hippocampus by inhibiting tiie formation of 
long-term potentiation \ reduces dendritic structural complexity ^ and may eventually produce 
neuronal loss Manipulations which keep glucocorticoid levels low throughout life (including 
adrenalectomy with low-dose glucocorticoid replacement, and neonatal handling *-^) prevent the 
emergence of cognitive deficits with age. However, such approaches are not appropriate for human 
therapy. 

Recendy, it has been recognised that tissue glucocorticoid concentrations are determined not only 
by plasma hormone levels, but also by intracellular llB-hydroxysteroid dehydrogenases (116- 
HSDs) which locally interconvert active glucocorticoids (corticosterone in rats and mice, Cortisol in 
humans) and inert 11-keto forms (ll-dehydrocorticosterone (11-DHC), cortisone^®). The 
importance of such enzymic interconversion is clearly demonstrated by the action of 1 16-HSD type 
2, an exclusive dehydrogenase, which potentiy inactivates glucocorticoids thus allowing selective 
access for aldosterone to intrinsically non-selective mineralocorticoid receptors (MR) in die kidney 
The observation of 1 16-HSD in neurons in the brain prompted suggestions that the enzyme 
might attenuate the deleterious effects of chronic glucocorticoid excess on neuronal function and 
survival However, the predominant isoform in the brain, 1 IB-HSD type 1 (1 lB-HSD-1), which is 
located in the membrane and lumen of the endoplasmic reticulum^^, appears to function as a 
predominant 116-reductase (regenerating active glucocorticoids from inert U-DHC) in intact cells 
in primary culture '^ including neurons and in the liver in vivo ^\ This reductase activity, far from 
protecting neurons against glucocorticoid excess, would be anticipated to increase intraneuronal 
glucocorticoid levels, potentiating neurotoxicity. Indeed, in vitro, otiierwise inert 11-DHC 
potentiates kainate-induced neurotoxicity in hippocampal neurons in culture, an effect lost in the 
presence of an IIB-HSD inhibitor If such regeneration of glucocorticoids within neurons is 
important in vivo, inhibition of I IB-reductase might attenuate neuronal dysfunction and the 
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consequent cognitive decline with ageing. To test this hypothesis, we examined the effects of ageing 
on cognitive function in niice homozygous for targeted disruption of the 1 lB-HSD-1 gene the 
tests used were a proximally-cued version of the Morris watermaze task and the Porsolt forced 
swim test 

Results 

PERFORMANCE IN CUED PLATFORM WATERMAZE TASK. 

During a 5 day training period, young (4-7 months old) wild type mice showed a progressive 
reduction in the latency to escape onto a flagged hidden platform in the watermaze (mean of the 4 
trials per day; F5,24=5.3, P< 0.005; FIG la). Although on initial entry into the pool (trial 1, day i) 

the escape latency did not differ between the young and aged (18-20 months old) mice [35.8±5.2 s 
(all young); 34.0±4.9 s (all old)], the reduction in latency with training did not occur in die aged 
wild type controls as a group (F732=l-6, p=0.2); their average escape latencies (trials 1-4) for each 

day of training were significantly longer than young wild type mice (p < 0.05). Young 1 IB-HSD-T 
mice performed as well as young wild type controls in the proximally-cued platform watermaze 
task (FIG la). Strikingly, aged llB-HSD-1"^" mice also learned the task well, showing decreased 
escape latencies to find the platform with increasing days of training (F732=17, P < 0.001). The 

aged 1 16-HSD-l"/" mice performed as well as young wild type mice on the last 2 days of training. 

The differences between aged wild type and 116-HSD-l null mice in die cued platform watermaze 
task did not appear to be due to non-cognitive factors such as swim speeds or visual processing. 
Although die significantly longer escape latencies shown by the aged mice (both genotypes) at the 
end of the first day of training (P<0.05) (FIG la) may partly reflect a slower swim speed (P<0.01) 
[wild-type, 0.24m/s (young), 0.17m/s (old); llB-HSD-l"/-, 0.22m/s (young), 0.14m/s (old)], the 
average swim speed did not vary significantly across the last 4 days of training for individual mice 
(P=0.98). Therefore changes of escape latency associated with consecutive training trials reflects 
learning of the task. Visual processing abilities can also affect learning, since a direct correlation 
between the severity of photoreceptor degeneration and performance of aged rats in die watermaze 
has been reported However, histopathological examination of the eyes of young and aged mice 
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from both genotypes showed noraial retinal integrity (all had retinas with an outer nuclear layer 
composed of -10 rows of photoreceptor nuclei, a 5 cell layer thick inner nuclear layer and a single 
cell layer of ganglion cells; not shown). 

129/Ola WILD-TYPE MICE PERFORMANCE IN THE WATERMAZE FOLLOWING 
HIPPOCAMPAL LESIONS 

To determine whether the proximally-<:ued platform watermaze task is hippocampus-dependent in 
129/Ola mice, we selectively lesioned the whole hippocampus using ibotenate acid. Cresyl violet 
staining of brain sections confirmed selective removal of hippocampal cells witti no evidence of 
damage to extrahippocampal areas. The swim speed and escape latency to find the platform on 
initial entry into the pool (trial 1, day 1) did not differ between the sham and hippocampal lesioned 
mice, but by die end of first day of testing (trial 4) and across the remaining days, die hippocampal 
lesioned mice showed significantiy longer escape latencies than the sham controls (P<0.001). In 
contrast with the sham controls, hippocampal lesioned mice were unable to leam the task, showing 
no decrease in escape latency across the four days of training (F4,20=0-38, P=0.8; FIG lb). 

PLASMA CORTICOSTERONE, 1 1-DEHYDROCORTICOSTERONE (1 1-DHC) AND 
CORTICOSTEROID BINDING GLOBULIN (CBG) LEVELS 

Basal (morning) plasma corticosterone levels were low in young wild type controls, but became 
markedly elevated with age (p<0.001; FIG 2). Young 1 IB-HSD-l-/" mice had significantly higher 
basal plasma corticosterone levels than young wild-type controls (p<0.001; FIG 2), confirming 
previous data ^\ There was no further rise of plasma corticosterone in 1 16-HSD-l"^" mice with age, 
so both genotypes had similarly elevated corticosterone levels in aged mice (FIG 2). In wild-type 
controls, plasma corticosterone levels correlated directiy with the escape latency to find the flagged 
hidden platform (Table 1, FIG,3). There was no correlation between plasma glucocorticoid levels 
and watermaze performance in 1 IB-HSD-l"/" mice (Table 1). 

Plasma 1 1-DHC levels in the wild type mice correlated with plasma corticosterone levels (r=0.65, 
p<0.02). I IB-HSD-l'/- mice had significantly elevated 1 1-DHC levels (which they cannot activate 
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to corticosterone (P<0.05, FIG 2), 1 1-DHC in 1 1B-HSD-1~/- mice did not correlate with plasma 
corticosterone (FIG 2). Plasma CBG levels were not significantly altered by genotype or age (FIG 
2). 

DISTRIBUTION OF INFUSED [3h]-LABELED CORTICOSTERONE IN BRAIN TISSUES 
OF WILD TYPE AND 1 16-HSD-l KNOCKOUT MICE 

To determine whether effective intracerebral glucocorticoid levels in the hippocampus were altered 
in aged llB-HSD-1"'" mice, [^KJ-corticosterone was infused under equilibrium conditions. The 
amount of [^Hl-corticosterone retained in the hippocampus was significantly lower in 18 month old 
llB-HSD-r^' mice (64% decrease, P<0.05; FIG. 4). [^HJ-corticosterone levels were also lower in 
the brain stem (61% decrease, P<0.05) and showed a similar non-significant trend for lower levels 
in cerebellum. There were no significant differences between genotypes in cortex which expresses 
1 16-HSD-l only in a single layer (HG. 4), 

PERFORMANCE IN PORSOLT FORCED SWIM TEST 

To examine a distinct behavioural paradigm that may be sensitive to age-related decline, we carried 
out a forced swim test This assesses ability to habituate to a stressful environment. All groups of 
mice (wild-type and UB-HSD-l"/', both young and old) spent a similar amount of time floating 
during an initial 5 min observation period (FIG. 5). The latency to immobility was reduced and the 
floating time increased in all mice when re-tested 24h later, indicating that the mice had learned to 
stop trying to escape and/or conserve energy. Compared with young controls, both aged wild-type 
and 1 16-HSD-r/"* mice showed similar, non-significant trends for poorer learning (28% and 24% 
decrease in floating times, respectively (P>0.1); FIG. 5). Basal plasma corticosterone levels did not 
correlate with performance in the forced swim test (wild-type mice, r= -0.3, p=0.3; 1 16-HSD-l"/" 
mice r=0.5, p=0,15). This learning behaviour dierefore appears to be unassociated with 
glucocorticoids or 1 16-HSD-l genotype in mice. 
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Discussion 

Basal plasma corticosterone levels are low in young wild type mice, but rise with age in a proportion 
of animals, consistent with findings in rats and humans In mice, as in other species, elevated 
corticosterone levels correlate with specific age-associated cognitive impairments 
Corticosterone levels in 18 month old rats may predict spatial learning in the watermaze 6 months 
later (Yau & Seckl, unpublished data), emphasising again the causal link between cordcosterone and 
cognitive function in individual animals and echoing analogous prospective data in humans The 
key question addressed here is whether the effects of active glucocorticoids are in any way 
influenced by the local conversion of inert circulating 11-dehydrocorticosterone (11-DHC) by the 
activity of 1 16-reductase within the CNS. The data suggest that regeneration of active corticosterone 
by llB-HSD-1 within the brain is indeed important, since glucocorticoid-associated cognitive 
deficits with ageing do not develop when the enzyme is absent. 

In young wild type mice, 11-DHC levels are approximately half diose of total corticosterone. 
However, around 95% of corticosterone is bound to plasm? proteins (largely CBG and therefore 
unable to enter cells, so 'free' corticosterone levels are less tiian 1 1-DHC levels, which is little 
bound by CBG (see FIG 2). Thus in young wild type mice a substantial proportion of intracellular 
active glucocorticoid is likely to be derived fi-om circulating 11-DHC, activated within cells to 
corticosterone by 1 16-HSD-l, the only murine enzyme catalysing 1 IB-reduction Aged wild type 

mice have elevated plasma corticosterone levels, but 1 1-DHC is still likely to contribute substantially 
to intracellular corticosterone (see FIG 2). In contrast, altiiough UB-HSD-l"/" mice have elevated 
11-DHC levels, these cannot be converted to corticosterone within cells. Elevated plasma 1 1-DHC 
is presumably a consequence of reduced clearance due to loss of metabolism by llB-HSD-1. 
Increased plasma corticosterone levels in the null mice are likely to reflect both increased adrenal 
production to compensate for increased clearance (due to lack of regeneration by 1 16-HSD-l) and 
a loss of 1 16-reductase in CNS areas responsible for glucocorticoid negative feedback upon the 
hypotiialamic-pituitary-adrenal (HP A) axis. Indeed, the hippocampus, hypothalamus and pituitary 
all express 1 16-HSD-l Loss of glucocorticoid regeneration in such sites would be anticipated 
to attenuate feedback and tiius increase HPA activity. Thus in the null mice die only source of 
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intracellular glucocorticoid is circulating corticosterone. 



Strikingly, in the face of increased plasma levels of active corticosterone throughout life, the I IB- 
HSD-r'* mice resist glucocorticoid-associated hippocampal cognitive impairments with ageing, as 
shown in the flagged hidden platform watermaze task. This strongly suggests that llB-reductase 
regeneration of corticosterone from 1 l-DHC is an important determinant of effective intraneuronal 
glucocorticoid action. Plasma CBG levels were similar in llB-HSD^l"/' and wild type mice and 
were not significantly altered with ageing. As 5% of corticosterone is *free' and assuming near 
complete conversion of 1 l-DHC to corticosterone by llB-HSD-l in wild type neurons, then 
'intraneuronal' corticosterone levels are likely to be lower in aged llB-HSD-1 null mice than in 
aged wild type controls, which have the additional burden of corticosterone regenerated from 1 1- 
DHC (see FIG 2). In support of this contention, retention of [^Hl-corticosterone in the 
hippocampus of aged 1 IB-HSD-l"/' mice was less than half that of aged wild type controls, in the 
face of similar plasma corticosterone levels at this age. Taken together, the data suggest that 1 16- 
HSD-1 contributes substantially to active corticosterone levels witiiin the hippocampus in vivo and 
hence to the deleterious effects of glucocorticoids witii ageing. 

All the mice failed to leam the classical hippocampus-dependent spatial task where the hidden 
platform is located using extra-maze distal cues around the experimental room (data not shown). 
Indeed, mice of the 129 strain generally perform poorly in the distally-cued version of the 
watermaze task The assumption that learning of the proximally-cued platform watermaze task 
is pardy/largely hippocampus-independent is based on findings in rats. However, tiiis interpretation 
may be species dependent, since hippocampal lesions in some strains of mice impair learning in 
both distally- and proximally-cued platform versions of the watermaze task ^^ Recent studies have 
shown that both spatial and non-spatial information can be encoded within the hippocampus in a 
manner consistent with the mnemonic demands of the task The severe impairment of the 
hippocampal lesioned 129/Ola mice to leam the proximally-cued platform watermaze task suggests 
hippocampal-dependence, at least in this strain. 
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In wild type mice, watennaze performance in the flagged hidden platform task correlated with 
glucocorticoid levels, consistent with previous data in the spatial learning watermaze task which also 
correlate with basal corticosterone levels ^ Interestingly, this correlation is lost in llB-HSD-l"'" 
mice, presumably because local tissue corticosterone levels in the brain regions involved in the 
cognitive task are lower than in wild type controls due to the lack of 1 1-DHC reactivation and fail to 
reach the threshold for cognitive decline. This contention is supported by the requirement for clearly 
elevated glucocorticoid levels before inhibition of long-term potentiation or atrophy of hippocampal 
dendritic structure ^•^^•^V 

To determine whether there were more general changes in cognitive function in 1 lB-HSD-1"/' mice, 
we used the forced swim task which examines coping strategy in an apparently hopeless situation 
The performance in this learning task did not correlate with corticosterone levels and was not 
affected by 1I6-HSD-1 genotype, suggesting that loss of 116-HSD-l is selectively protective 
against glucocorticoid-associated cognitive impairments in aged mice. It remains to be determined 
whether hippocampal neuronal structural changes and other features of glucocorticoid excess with 
ageing are also prevented in the llB-HSD-l-'- mice. Non-selective IIB-HSD inhibition increases 
hepatic insulin sensitivity in humans ^^ in line with the hepatic phenotype of the lI6-HSD-r'" 
mouse Clearly, selective inhibitors of llB-reductase could act as useful agents to prevent 
cognitive decline with age. 1 16-HSD-l represents a plausible therapeutic target to attenuate effective 
glucocorticoid action in the brain in vivo. 



Methods 

Male mice with a targeted disruption of the UB-HSD-l gene were inbred on the original 129/Ola 
strain background as were wild type controls Young (4-7 months old) and aged (18-20 months 
old) mice were housed in individual cages on a 12 hour light-dark cycle (light on 7am to 7pm). 
Both genotypes had similar survival rates up to 23 months. All animals (n=28) were tested between 
9am and 5pm. Animal care was in accordance with Home Office and institutional guidelines. 
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Watermaze - The watermaze was a circular tank (1.8 m diameter, 0.60 m height) filled to a depth of 
35 cm with water (25±VC) made opaque with latex liquid. The paths taken by the mice were 
monitored with an overhead video camera connected to an image analyzer (HVS Image, UK) and an 
Acom Archimedes mnning software which sampled the co-ordinates on-line at lOHz for 
subsequent automated data analysis. For all training trials, the computer calculated the escape 
latency and the average swim speed of the mice. The day before training, all mice were given a 60s 
swim and allowed to mount a 30cm platform submerged just below the water surface. 

Mice were tested in the proximally-cued version of the maze where the platform position was 
indicated by a visible flag. This behavioural task requires the animal to associate the flag with escape 
from the water. The target platform was submerged just below the water surface and located under a 
flag (5cm high x 8cm wide) attached to the platform, 10cm above the water. Curtains were drawn 
around pool to exclude extra-maze cues. Training consisted of 4 trials per day for 5 days, each trial 
lasting until the mouse reached the platform (escape latency) or swam for 60s. After each trial the 
mice were allowed to remain on the platform for 30s. Mice were released in the pool from one of 4 
equally spaced start positions along the perimeter of the pool in a predetermined, pseudorandom 
order. On the first day of training, a larger platform (30cm diameter) was used to increase the 
chance for the mice to find the platform. From the second day onward the diameter of die platform 
was 20cm. The location of the submerged platform was varied randomly from trial to trial. Mice 
were returned to drying cages and kept warm under a heat lamp between trials (inter-trial interval 10 
min). The performance of all mice were videotaped in a single blind analysis. Mice which tended to 
float rather than swim were excluded. 

Ibotenate lesions of hippocampus - Adult male 129/Ola mice (25g) were anaesthesized with 
Hypnorm/Hypnovel (0.8ml/kg, i.p.) and placed in a stereotaxic ftxune. Hippocampal lesions were 
made by 20 discrete injections of 0.03(il ibotenic acid (lOmg/ml; Sigma, U.K) at 0.06|Ld/min; the 
needle was left in place for 2 min following injection to avoid spread of the toxin up the needle tract 
Stereotaxic co-ordinates were those used by Jarrard modified for mice. Sham operated controls 
underwent similar surgical procedures except that no drug was infused. Six weeks after surgery. 
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mice were tested in the cued version of the watermaze task, as described above. Following 
behavioural testing, niice were anaesthetised and perfused intracardially with saline and 4% 
paraformaldehyde. The brains were stored in the perfusate for 1 week, then frozen, sectioned 
coronally (SOpm) and stained with cresyl violet to determine cell loss. 

Porsolt forced swim test - Mice were forced to swim in a large clear beaker (2L) filled with water 
(8cm deep, 25"C) from which they could not escape The total time spent floating (inunobility) 
was measured over 5min on two mornings separated by 24 h. The mice were videotaped and data 
analysis was performed blind to genotype or age. 
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Corticosterone, 11-DHC and CBG measurements - Blood samples were obtained by cardiac 
puncture immediately after killing mice by cervical dislocation in the morning. Plasma 
corticosterone levels were measured by radioimmunoassay ^'^ modified for microtitre plate 
scintillation proximity assay. The intra- and inter-assay coefficients of variation were 9.4% and 
9,2%, respectively. Plasma U-dehydrocorticosterone (11-DHC) was measured by the above 
radioinmiunoassay but using [3h]-11-DHC (synthesised using kidney homogenates, NAD and 
[3H]-corticosterone and die antibody for I l-DHC. 

For the measurement of CBG, endogenous steroids were removed by diluting plasma samples 
1:100 in dextran coated charcoal in phosphate buffered saline-gelatin (DCC-G) and incubation for 
I hr at RT followed by centrifugation at 3000g for 15min. Aliquots (lOOfil) of the supernatant were 
then incubated in buffer (PBS-gelatin) containing a saturating 10 nM concentration of [^Hjr 
corticosterone for 1 hr at RT. Non-specific binding was defined in parallel incubations by the 
addition of 2000 fold excess cold corticosterone. The samples were then incubated with DCC-G at 
4"C for 10 min and centrifiiged at 3000g for 15 min at 4"C to separate bound from free. Scintillation 
fluid was added to 900|il of supernatant in mini vials and counted. Protein content was determined 
by the method of Bradford 

Distribution of infused corticosterone in brain tissues of wild type and llB-HSD-1 
knockout mice - Male mice aged 18 months were infused s.c. with [^KQ-corticosterone (6.56Ci/d, 
[1,2,6,7-3 H]-corticosterone, specific activity SOCi/nmiol, Amersham pic, Amersham, UK) in 
saline:ethanol(9:l) via Alzet mini-osmotic infusion pumps (model 2001, Alza, Palo Alto, USA). 
Groups of 6 wild type and knockout mice were infused for 7 days and then killed in the moming. 
Brains were removed, dissected and snap frozen. The content of [^HJ-corticosterone in each region 
was measured by solvent extraction witfi chromatographic separation of steroids. Briefly, tissues 
were homogenised in >9 volumes of ice-cold tris-HCl buffer (pH6.5). Homogenates were incubated 
for 16h at 37C with acetoneiethanol (9:1), extracts filtered and evaporated to dryness, reconstituted 
in buffer, washed widi hexane and re-extracted with ethyl acetate. Samples were separated by TLC 
using UV absorption of an internal standard to localise corticosterone and radioactivity measured. 
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Histopathologic comparisons of retinas from aged and young mice - At autopsy, the eyes 
were removed and stored in paraformaldehyde at 4C, Following removal of the lens, the eyes were 
embedded in paraffin. Tissue blocks were sectioned (7 jim) and stained with Harris' hematoxylin 
and eosin. Slides were coded prior to histopathalogic evaluation at 400x magnification by an 
opthalmologist unaware of age or genotype. 

Statistical Analysis - Data were assessed by ANOVA followed by Scheffe post hoc tests. 
Regression analysis was by the Pearson correlation matrix method. Significance was set at p < 0.05. 
Values are means±S.E.M. 
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FIGURE LEGENDS 

FIG. I (a) Impaired learning of aged wild type, but not 1 IB-HSD-l"'" niice in the watermaze. Mice 
were trained for 5 consecutive days (4 trials per day) to find and escape onto a randomly located 
flagged hidden platform. Young 4 months old wild type (open circles), young 7 months old 
transgenics (open triangle), aged 18-20 months old wild type (closed circle) and aged 18-20 months 
old transgenics (open square). Escape latency (mean ± s.e.m.) are shown for 6 young mice per 
genotype and 8 aged mice per genotype, all on an isogenic 129/Ola strain background. Each point 
represents the average 4 trials per day. * P<0.01 compared to both young wild type and young 

UB-HSD-l"/- mice and P<0.05 compared to old llB-HSD-l"/- mice, (b) Failure to learn the 
proximally cued version of the wateraiaze task following hippocampal lesions in young 129/Ola 
mice. Hippocampal lesions were made stereotaxically by multiple injections of ibotenic acid. For 
sham lesions the needle was lowered through the neocortex but no drug was infused. Mice were 
trained for 5 consecutive days (4 trials per day) to find and escape onto a randomly located flagged 
hidden platform. Escape latency (mean ± s.e.m.) are shown for 5 mice per group. 

FIG. 2 (a) Schematic diagram showing contribution of 11-DHC to intraneuronal corticosterone 
levels in wild type and 116-HSD-l nuU mice, (b) Basal (09.00-1 l.OOh) plasma corticosterone 
(cort), calculated Tree' corticosterone and 1 1-dehydrocorticosterone (1 1-DHC) and CBG levels. * 
P<0.001 compared to young wild type mice. ** P<0.01 compared to age matched wild tjrpe mice. 
Values are means ± SEM. Number of mice in brackets. 

FIG. 3 Scatter plot showing correlation between morning plasma corticosterone levels and escape 
latency to find a flagged hidden platform on the fifth day of training for individual wild-type mice 
(young and old combined). The open squares represent individual young mice and the filled 
squares represent individual aged mice. 
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FIG. 4 Comparison of distribution of infused [^Hl-corticosterone in brain tissues of wild type and 
llfi-HSD-l"/~ mice. Aged mice (18 months) were infused s.c. with [^HJ-corticosterone via Alzet 
mini-osmotic infusion pumps for 7 days. The content of [^H]-corticosterone in each brain region 
was measured by solvent extraction widi chromatographic separation of steroids. n=6 per genotype. 
*, P<0.05 compared to wild type controls. Values are means ± s.e.m. 

FIG. 5 Time spent immobile during the Porsolt swim test. A testing time of 5 rain was chosen to 
determine the duration of immobility on each of 2 consecutive days. Inunobility was defined as 
motionless floating in the water, only allowing small movements necessary for the animal to keep its 
head above the water. Mean ± s.e.m. time(s) the mice spent floating in the first session and the 
second session 24 h later. 
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Table 1. 

Correlation coefficients between plasma corticosterone levels and watermaze performance in the 
proximally-cued platform learning (median escape latency times of the 4 trials) for each day of training 
in combined young and old wildtype (n= 14) and 1 16-HSD-l"/" mice (n=13). 



wild-type llB-HSD-l"/- 



Day 1 


0.24 (n.s) 


- 0.47 (n.s) 


Day 2 


0.71 ** 


- 0.44 (n.s) 


Day 3 


0.55 * 


-0.16 (n.s) 


Day 4 


0.69 ** 


- 0.58 (n.s) 


Day 5 


0.77 ** 


- 0.26 (n.s) 



*P < 0.05, ** P < 0.01; n.s, non-significant 
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(a) Schematic diagram showing contribution of 1 1-DHC to intraneuronal coiticosterone levels in wild type and 
llB-HSD-1 null mice. 
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*free' cort reflects 5% of total corticosterone (ie excludes 95% bound to CBG). 

Hntraneuronal' cort is the sum of *free* corticosterone and I i-DHC in wild type mice, but only 'free' corticosterone in 11 B- 
HSD-1 null mice which cannot regenerate corticosterone firom 1 1-DHC. 



(b) Basal (09.00-1 1. OOh) plasma corticosterone (cort), calculated 'free' corticosterone and 11- 
dehydrocorticosterone (1 1-DHC) and CBG levels. 





cort (^g/dl) 


'free' cort (pg/dl) 


1 1-DHC (Mg/dl) 


CBG (pmol/mg) 


Young wild-type(5) 


2.5 ± 0.5 


0.13 ±0.03 


09 ± 03 


2.41 ± 0.28 


young 116-HSD-l-/-(5) 


13.4 ± 2.0* 


0.67 ±0,10* 


3.3 ±0.4** 


2.74 ±0.41 


old wild-type(8) 


13.7 ±1.5* 


0.68 ±0.08* 


1.05 ±0.15 


2.62 ±0.47 


old llB-HSD-r/-(8) 


11,2 ±3.5* 


0.56 ±0.18* 


2.6 ±0.5** 


3.30 ±0.13 



*p<0.001 compared to young wild-type mice. **p < 0.05 compared to age matched wild-type mice. Values are 
means±SEM. Number of mice in brackets. 
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Tissue-specific dysregulation of Cortisol metabolism in human obesity 

EVA RASK, TOMMY OLSSON, STEFAN SObERBERG, RUTH AhfDREW, DAWN EW LIVINGSTONE, 
OWE JOHNSON, AND BRIAN R WALKER 

Departments of Public Health and Clinical Medicine (E.K, TO., O.J.), Umea University Hospital Umea, Sweden and 
Department of Medical Sciences (K A., D.E.W.L, B.R.W,), University of Edinburgh, Western General Hospital, Edinburgh, UK 

ABSTRACT Cortisol has been implicated as a pathophysiological mediator in idiopathic obesity, but circulating Cortisol 
concentrations are not consistently elevated. The tissue-specific responses to Cortisol may be influenced as much by local pre- 
receptor metabolism as by circulating concentrations. For example, in liver and adipose tissue Cortisol is regenerated fi-om inactive 
cortisone by 1 ip-hydroxysteroid dehydrogenase type 1 (1 ip-HSDl). In obese Zucker rats lip-HSDl activity is reduced in liver 
but enhanced in adipose tissue. This study addressed whether the same tissue-specific disruption of Cortisol metabolism occurs in 
human obesity. 34 men were recruited fi-om the MONICA population study in Northern Sweden to represent a wide range of body 
composition and insulin sensitivity. Plasma Cortisol was measured at 0830h and 1230h, after overnight low-dose dexamethasone 
suppression, after intravenous corticotropin releasing hormone (CRH), and after oral cortisone administration. Urinary Cortisol 
metabolites were measured in a 24 h sample. A subcutaneous fat biopsy was obtained fi-om 16 participants to measure Cortisol 
metabolism in vitro. Higher body mass index was associated with increased total Cortisol metabolite excretion (r=0.47, p<0.01), 
but lower plasma Cortisol at 1230 h and after dexamethasone, and no difference in response to CRH. Obese men excreted a greater 
proportion of glucocorticoid as metabolites of cortisone rather than Cortisol (r=0.43, p<0.02), and converted less cortisone to 
Cortisol after oral adminisfration (r=-0.49, p<0.01), suggesting impaired hepatic lip-HSDl activity. By contrast, in vitro lip- 
HSDl activity in subcutaneous adipose tissue was markedly enhanced in obese men (r=0.66, p<0.01). We conclude that in obesity, 
reactivation of cortisone to Cortisol by 1 1 p-HSDl m liver is unpaired, so that plasma Cortisol levels tend to fall, and there may be a 
compensatory increase m Cortisol secretion mediated by a normally fimctioning hypothalamic-pituitary-adrenal axis. However, 
changes in llp-HSDl are tissue-specific: strikingly enhanced reactivation of cortisone to Cortisol in subcutaneous adipose tissue 
may e^cerbate obesity; and it may be beneficial to inhibit this enzyme in adipose tissue m obese patients. 



In the last 15 years it has been recognised that the effects of 
Cortisol depend as much on tissue-specific responses as they 
do on circulating Cortisol concentrations. Of key importance is 
the pre-receptor metabolism of Cortisol in each tissue which 
dictates the balance between active and inactive steroids. Thus, 
in the distal nephron, 1 1 p-hydroxysteroid dehydrogenase type 
2 (11P-HSD2) converts Cortisol to inactive cortisone; failure 
of this inactivation in congenital deficiency or after liquorice 
administration results in cortisol-dependent mineralocorticoid 
excess and hypertension (I). In other tissues, a different 
protein, lip-HSD type 1, reactivates cortisone to active 
Cortisol. This reactivation appears to be important to maintain 
adequate Cortisol levels in sites where glucocorticoid receptors 
regulate crucial metabolic functions, eg in liver and adipose 
tissue (2-4). 

Subtle changes in llp-HSD activity may be important in 
common clinical syndromes. Given its clinical similarities to 
Cushing's syndrome, many investigators have considered 
Cortisol as a pathophysiological mediator in idiopathic obesity. 
Although Cortisol secretion rate is enhanced in obesity (5), this 
may be in proportion to increased lean body mass (6), and 
plasma Cortisol levels are not consistently elevated. Metabolic 
clearance rate for Cortisol is also increased in obesity (7). This 
has been explained recently by observations that reactivation 
of cortisone to Cortisol by 1 ip-HSDl in liver is impaired, and 
inactivation of Cortisol by 5a-reductase enzymes is enhanced 
(8;9). These changes in metabolism predict lower plasma 
Cortisol levels which, by negative feedback, could explain a 



compensatory rise in ACTH and Cortisol secretion. If any 
increase in Cortisol secretion is only to compensate for 
enhanced peripheral metabolism, does this mean that the tissue 
actions of Cortisol are unaffected, ie that Cortisol does not 
contribute to obesity and its metabolic complications? 

In an anunal model, the leptin-resistant obese Zucker rat, we 
have recently described tissue-specific changes in 
glucocorticoid metabolism (10). Clearance of corticosterone 
(the rat equivalent of Cortisol) is enhanced in livers of obese 
animals as it is in man, due to increased 5a-reductase and 
impaired lip-HSDl activities. However, reactivation of 
corticosterone by lip-HSDl is enhanced in adipose tissue 
fi-om obese rats. Moreover, obesity in these animals is 
glucocorticoid-dependent (11). This raises the possibility that, 
in the face of greater inactivation of glucocorticoid by 
metabolic pathways m liver, there is also enhanced reactivation 
of glucocorticoid in adipose tissue which might contribute to 
the obese phenotype. In this report we describe the same 
pattern of tissue-specific dysregulation of 1 ip-HSDl in human 
obesity. These data support a new model to explain the 
contribution of Cortisol to obesity, which provides 
opportunities for novel therapeutic intervention. 

Materials and Methods 

Participants were recruited from members of the MONICA 
population sample who live in the health care district of UmeA or 
Lulei hospitals in Northern Sweden (12). To ensure representation 
from a wide range of body composition, men were selected at random 



I 

from the highest and lowest quartiks ot liasting plasma insulin 
concentrations. Thirty-five of 40 men approached agreed to 
participate, but one was excluded because of intermittent use of oral 
glucocorticoids. Characteristics of the remaining 34 are shown in 
Table I. Two participants were receiving low-dose inhaled 
glucocorticoids (budesonide ^400 ng/24h); two were receiving 
aspirin after a stroke (with no sequelae) and after mitral-valve 
surgery, respectively; three were receiving antihypertensive treatment 
(with P-blocker, ACE inhibitor, and/or calcium channel blocker). 
None had other clinical features of Cushing's syndrome. Diabetes 
mellitus and thyroid dysfiinction were excluded by laboratory tests. 
Approval of Umea University Hospital ethics committee and written 
informed consent were obtained. 

Clinical measurements were made on different days separated by 
>24 h as follows. Days 3-5 were in random order. Day I) Baseline 
anthropometry, blood pressure, and body composition (Akem-RJL 
System bioelectrical impedance instrument, EL.Dot, Fredriksvaerk, 
Denmark) were measured. Day 2) Insulin sensitivity was measured 
using the euglycaemic hyperinsulinaemic clamp technique, with 
insulin infiised at 56 mU/mVmin for 1 10 minutes and plasma glucose 
maintained at 4.6±0.1 mM. Day 3) Plasma was obtained at 0830 h 
and a human CRH test (Ijig/kg body weight iv) was performed at 
1230 h with blood samples drawn every 15 min for 2 h; subjects did 
not eat until 1430 h. Day 4) Cortisol and its metabolites were 
measured in a 24 h urine sample by gas chromatography and electron 
impact mass spectrometry (8). Day 5) Conversion of cortisone to 
Cortisol by llp-HSDl on first pass through the liver was measured in 
vivo after subjects took oral dexamethasone (3.5 |ig/kg body weight 
as suspension) at 2300 h, fasted overnight, and attended at 0830 h for 
intravenous cannulation and oral cortisone acetate (25 mg with 
water)(13). Cortisol (Orion Diagnostica, PO Box 83, FIN-02101 
Espoo, Finland) and corticosterone (14) were measured by 
radioimmunoassay on blood samples withdrawn until 1230 h. Day 6) 
Adipose lip-HSDl activity was measured in vitro. Sixteen subjects 
consented to return for a -500 mg subcutaneous fat biopsy to be 
taken from the abdominal region under local anaesthesia. 
Subcutaneous fat was frozen immediately at -70C. After thawing, it 
was homogenised in Krebs buffer at pH 7.4 and 750 ng/ml protein 
was incubated at 37C with NADP 2mM and l,2,6,7-'H4-cortisol 100 
nM for 30 hours, with samples withdrawn at 3, 6, 20 and 30 hours for 
separation of Cortisol and cortisone by HPLC with on-line liquid 
scintillation detection (10). lip-HSDl activity was measured in the 
dehydrogenase direction (ie Cortisol to cortisone, rather than 
reductase cortisone to Cortisol) because this is the preferred reaction 
when the enzyme is liberated from its intracellular environment (15); 
when driven with excess cofactor, this activity is proportional to total 
protein in whichever direction the reaction is measured (10). In these 
conditions, there was no evidence of conversion of Cortisol to other 
metabolites, such as 5a-reduced Cortisol. 

Areas under curves of plasma Cortisol after CRH or cortisone and 
of m vitro 1 ip-HSDl activity were calculated by the trapezoidal rule. 
Logarithmic transformation was applied to obtain normal distribution 
of data for body mass index, waist/hip ratio, 0830 h plasma Cortisol 
and corticosterone concentrations, urinary Cortisol metabolites and 
their ratios, M/I insulin sensitivity index, area under curve of plasma 
Cortisol after cortisone, and area under curve of in vitro I ip-HSDl 
activity. Pearson correlation analyses and adjustments for potential 
confounding variables by partial correlation analyses were performed 
as indicated in the text. 



Table 1. Subject chara^^ieristics and biochemical data 



Tertile oi BMI: 


Lowest 
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Highest 


n 
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11 


iz 


Age(y) 


46.8±8.7 


49.6±8.5 


51.9±12.1 


Tobacco users 


3 


A 
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Body Mass Index (kg/m') 


22.9±1.4 


2o.4±0.7 


5 1 . /±4.U 


vn Doay lat 


1 /.OXJ.J 




'X'l A+1 1 Q 


Waist/Hip ratio*^ 


0.87±0.03 


0.96±U.04 


I .UUxU.Uo 


Insulin sensitivity (M/I)^ 


10,2±4.4 


7.5±3.6 


3.5±1.8 


Systolic/diastolic" blood 


Mini 


132/83 


1 43/0 J 


pressiu'e (nunHg) 


+97/1 1 


+91/7 

XZ> 1/ / 


±12/11 


uruie conisoi mcLaDoiiies 








^mg/aay;. 








1 Olal 


11.3±5.1 


12.8±5.3 


15.3±3.4 


DOC- 1 eiranycirocoriisoi 






3.1±1.1 


ypOr 1 rir ) 


2.1±1.0 


2.1±0.8 


jp- 1 nr 


2.8±0.9 


3.3±1.4 


2.911.0 


Tetrahydrocortisone 








(THE) 






7 7+9 0 


(5aTHF+5 pTHF)/THE 


1 1 0_l_A '^O 
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A O'TJ.A 17 


5aTHF/5pTHF 


0.78±0.31 


0.71±0.29 


1.13±0.35 


plasma Cortisol fnM): 








at 0830 h 


285±79 


CO-LI AO 


ZoZxyo 


at 1230 h 


292±49 


30I±100 


215±75 


after CRH 








(area under curve nM.h) 


854+373 


859+231 


817±210 


at 0830 h after 








dexamethasone^ 


JJOXl 1 / 


9^1-1.1 
Z3j±14D 


lOoXll/O 


plasma Corticosterone 








(nM): 








at 0830 h after 








dexamethasone^ 


30±11 


25±12 


20±10 


120 min after cortisone 


24±9 


25±14 


19±9 


240 min after cortisone 


18±5 


17±6 


13±5 



Data are mean ± SD. From Pearson correlations with body mass 
index (BMI): * p<0.05, i5<0.01, p<0.001. M/I=glucose inftjsion 
rate/plasma insulin concentration during euglycaemic clamp (mg 
glucose.kg body weight'.min'.mU/L x 1 00). 



Results 

Characteristics of participants are shown in the Table. Obese 
and lean subjects were well-matched fi>r age and smoking. 
Generalised obesity, indicated by higher body mass index 
(Table 1), was associated with insulin resistance (r=-0.69), 
higher diastolic blood pressure (r=0.40), and higher total 
urinary Cortisol metabolite excretion (r=0.48), but no 
difference in plasma Cortisol at 0830 h, no difference in plasma 
Cortisol or ACTH response to CRH, lower plasma Cortisol at 
1230 h (r=-0.42), and lower plasma Cortisol (r=-0.52) and 
corticosterone (r=-0.42) at 0830 h after overnight 
dexamethasone suppression (Table I and Figure 1). Similar 
relationships were observed with total fat mass measured by 
bioimpedance, and with central obesity indicated by higher 
waist/hip ratio (data not shown). These associations persisted 
for urinary but not plasma measurements after adjustment for 
potential confounding factors, including age, smoking, and 
blood pressure. Adjustment for lean body mass did not affect 
diese relationships, except that the correlations between body 




mass index and total Cortisol metabolite excretion (adjusted 
r=0.31, p=0.09) and 1230 h plasma xortisol (r=-0.33, p=0.07) 
were no longer statistically significant. 
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Figure 1 Plasma Cortisol after overnight dexamethasone suppression 
and oral cortisone. Data are mean ± SE for subjects from lowest 
(open triangle), middle (open circle), and highest (filled circle) 
tertiles of body mass index. Plasma Cortisol at 0830 h was lower in 
men with higher body mass index (r«-0.52, p<0.01). Area under 
curve of plasma Cortisol was lower in men with higher body mass 
index (r=-0.49, p<0.01), independently of age, tobacco use, and 
blood pressure. 
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Figure 2 In viYro lip-HSDl activity in subcutaneous fat biopsy. 
Data are mean ± SE for % conversion of Cortisol to cortisone at fixed 
protein concentration for subjects from lowest (open triangle, n=4), 
middle (open circle, n=7), and highest (filled circle, n=5) tertiles of 
body mass index. Areas under the curve were higher in men with 
higher body mass index (r=0,66, p<0.01), independently of age, 
tobacco use, and blood pressure. 

Men with higher body mass index excreted relatively more 
Cortisol in urine as derivatives of cortisone 
(tetrahydrocortisone; THE) than Cortisol (Table 1), suggesting 
impaired reactivation of cortisone to Cortisol by lip-HSDL 
Conversion of cortisone administered by mouth to Cortisol in 
peripheral plasma was measured after overnight 
dexamethasone suppression, and was impaired in obese men 
(Figure 1). The basal 0830 h plasma Cortisol before cortisone 
administration was lower in obese men. To assess the influence 
of this difference in endogenous Cortisol on levels of plasma 
Cortisol after cortisone administration we measured 
corticosterone, another ACTH-dependent adrenal steroid. 



Corticosterone was uiso lower after dexamethasone, but 
suppressed to a similar degree in obese and non-obese men 
after cortisone administration (Table 1). Thus, in this test, most 
Cortisol in plasma is derived from exogenous cortisone rather 
than endogenous adrenal secretion. Obese men also showed 
trends towards higher excretion of 5a-tetrahydrocortisol (5a- 
THF) than 5p-THF (r=0.29). 

There were no differences between participants who 
consented or did not consent to subcutaneous adipose biopsy 
(data not shown). By contrast with lower cortisol/cortisone 
urinary metabolite ratio and hepatic impaired conversion of 
cortisone to Cortisol, obese men had substantially higher lip- 
HSDl activity measured in vitro in subcutaneous adipose 
tissue (Figure 2). 

Insulin resistance, reflected in lower M/I values from a 
euglycaemic hyperinsulinaemic clamp, was associated with 
lower 0830 h plasma Cortisol (r=0.59, p<0.001) and 
corticosterone (r=0.58, p<0.001) after dexamethasone and 
impafred conversion of cortisone to Cortisol (r=0.64, p<0.001) 
but not with other indices of Cortisol secretion or metabolism. 
After correction for the effect of body mass index in partial 
correlation analyses these relationships persisted regarding 
post-dexamethasone hormone levels but not for conversion of 
cortisone to Cortisol (adjusted r=0.37, 0.43, 0.27 and p=0.03, 
0.01, 0.13, respectively). 

Discussion 

There are several widely held explanations for increased 
secretion of Cortisol in obesity. One is that increased Cortisol 
secretion is appropriate to the increase in total body (lean plus 
fat) mass in obesity (6). A second invokes a primary 
neuroendocrine abnormality causing enhanced central drive to 
CRH, ACTH and Cortisol secretion (5). A third invokes 
enhanced peripheral metabolism of Cortisol with compensatory 
changes in the hypothalamic-pituitary-adrenal axis (7). In this 
study, we have investigated both central regulation of Cortisol 
secretion and peripheral metabolism of Cortisol. We found that 
increased lean body mass contributed to, but may not account 
entirely for, enhanced Cortisol secretion. We found no 
evidence for enhanced central drive to Cortisol secretion in 
these obese men, since responses to CRH were not altered and 
suppression with threshold doses of dexamethasone 
(approximately ED50 for suppression of plasma Cortisol) was 
enhanced rather than impaired. More strikingly, however, our 
data support previous reports that peripheral metabolism of 
Cortisol is increased due to a combination of enhanced Sct- 
reductase activity (8) and impaired regeneration of Cortisol 
from cortisone by lip-HSDl in liver (9). One of the 
consequences is that levels of cortisone metabolites (THE) are 
elevated in obesity. 

However, in animal studies dysregulation of Up-HSDl in 
obesity is tissue-specific, such that down-regulation in liver is 
accompanied by up-regulation in omental adipose tissue (10). 
Tissue-specific dysVegulation of lip-HSDl could also explain 
conflicting reports of urinary cortisol/cortisone metabolite 
ratios in human obesity (8;9;16), since there may be a balance 
between impaired regeneration of Cortisol in liver and 
enhanced regeneration in o^er sites. Indeed, it has been 



hypothesised that increased lip-HSDl in omental adipose 
tissue is responsible for central obesity in man (4). The 
possibility of tissue-specific dysregulation of lip-HSDl is 
difficult to test in human studies. Measurements in omental fat 
have been limited to primary cell culture in non-obese subjects 
(4), and in vivo characteristics may not be retained in these 
cultured cells. Attempts to measure lip-HSDl in vivo in 
subcutaneous fat, either by arteriovenous sampling (17) or by 
in vivo microdialysis (authors' unpublished data), have 
produced highly variable results. In this study, we measured 
llp-HSDl activity in freshly obtained subcutaneous fat. As 
has been observed in extensive studies with animal tissues, 
lip-HSDl is a predominant dehydrogenase enzyme 
(converting Cortisol to cortisone) in homogenised tissue, but 
the extent of this reaction reflects changes in lip-HSDl 
protein and reductase activity in vivo (10). The striking 
increase in activity in obese men .predicts enhanced local 
reactivation of cortisone to Cortisol in adipose tissue. In 
combination with increased supply of cortisone substrate, this 
predicts markedly enhanced intra-adipose Cortisol levels. 

We have not examined the mechanisms for tissue-specific 
dysregulation of peripheral Cortisol metabolism, but we know 
that the relevant enzymes are regulated by insulin, growth 
hormone, and sex steroids, all of which are altered in obesity. 
Indeed, we found that insulin resistance was associated with 
impaired conversion of cortisone to Cortisol in liver but not 
with differences in adipose lip-HSDl activity, but we could 
not confirm that this was independent of relationships with 
obesity. Whatever the mechanism, these observations reinforce 
the potential value of specific inhibitors of lip-HSDl to 
enhance insulin sensitivity (2) and limit weight gain in obesity. 
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Abstract 

llB-hydroxysteroid dehydrogenases (llfi-HSDs) catalyse interconversion of active 
corticosterone and inert 11-dehydrocorticosterone, thus regulating glucocorticoid access to 
intracellular receptors in vivo. IIB-HSD type 1 is a reductase, locally regenerating active 
glucocorticoids. To explore the role of this isozyme in the brain we examined hypothalamic- 
pituitary-adrenal axis (HPA) regulation in mice homozygous for a targeted disruption of the 
116-HSD-l gene. Ufi-HSD-l deficient mice showed elevated plasma corticosterone and 
ACTH levels at the diurnal nadir, with a prolonged corticosterone peak, suggesting abnormal 
HPA control and enhanced circadian HPA drive. Despite elevated corticosterone levels, 
several hippocampal and hypothalamic glucocorticoid-sensitive mRNAs were normally 
expressed in llB-HSD-1 deficient mice implying reduced effective glucocorticoid activity 
within neurons. 116-HSD-l deficient mice showed exaggerated ACTH and corticosterone 
responses to restraint stress with a delayed fall after stress, suggesting diminished 
glucocorticoid feedback. Indeed, llfi-HSD-1 deficient mice were less sensitive to exogenous 
Cortisol suppression of HPA activation. Thus 1 lfi-HSD-1 amplifies glucocorticoid feedback 
upon the HPA axis and is an important regulator of neuronal glucocorticoid exposure under 
both basal and stress conditions in vivo. 

Keywords : 1 1 fi-hydroxysteroid-dehydrogenase-type 1 , corticosterone, 11- 
dehydrocorticosterone, mineralocorticoid, glucocorticoid, corticotropin-releasing factor, 
hypothalamic-pituitary-adrenal axis, diurnal rhythm, negative feedback, stress response. 
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Introduction 

Glucocorticoids regulate myriad metabolic and homeostatic processes and mediate the 
response to stress (1). Glucocorticoid release is stimulated by the hypothalamic-pituitary- 
adrenal (HP A) axis which is activated by diurnal cues and stress. These stimulate 
corticotropin-releasing hormone (CRH) and vasopressin release from the hypothalamic 
paraventricular nuclei (PVN), which induce adrenocorticotropin (ACTH) release from the 
anterior pituitary, stimulating adrenal glucocorticoid secretion. However, both chronic 
glucocorticoid excess (Gushing' s syndrome, pharmacotherapy) and deficiency (Addison's 
disease) produce deleterious effects on many tissues and normally glucocorticoid secretion is 
tightly regulated by the balance of HP A axis 'forward' drive and glucocorticoid negative 
feedback. Glucocorticoid feedback control is mediated at the level of the PVN and anterior 
pituitary, as well as suprahypothalamic sites, notably the hippocampus (2). Glucocorticoids 
act via intracellular receptors of 2 types; glucocorticoid (GR) and mineralocorticoid (MR) 
receptors (3). Until recently it was believed that glucocorticoid actions upon target tissues, 
including the HPA axis, were determined solely by prevailing plasma steroid levels and the 
tissue-specific density of GR and MR. However, it has become apparent that pre-receptor 
metabolism by llB-hydroxy steroid dehydrogenases (1115-HSDs) potently regulates 
glucocorticoid access to receptors in some tissues, including perhaps the brain (4). 

IIB-HSD catalyses interconversion of active glucocorticoids (Cortisol, corticosterone) and 
inert 1 1-keto forms (cortisone, 1 1-dehydrocorticosterone; 1 1-DHC). 1 IB-HSD type 2, a potent 
NAD-dependent llB-dehydrogenase, rapidly inactivates glucocorticoids, thus allowing 
aldosterone-selective access to intrinsically nonselective MR in the distal nephron in the face 
of a large molar excess of circulating glucocorticoid (5, 6). The crucial physiological principle 
illuminated by the action of llB-HSD-2 is that corticosteroid action upon target cells is 
determined by enzyme action within the cells, rather than circulating steroid levels alone. 
Thus patients or mice lacking llB-HSD-2 show excess mineralocorticoid activity, despite 
having "normal" circulating levels of the glucocorticoids and very low levels of the 
mineralocorticoid aldosterone (7, 8). Hence, it is the intracellular concentration of the 
steroids that is important. 

The llB-HSD-2 isozyme is not expressed in the pituitary or most regions of the adult CNS 
including the PVN and hippocampus (9, 10). In contrast, the brain and pituitary widely 



express IIB-HSD type 1 (11-14), an NADP(H)-dependent isozyme, initially purified fi-om 
liver. 116-HSD-l is bidirectional in tissue homogenates (15), but acts as a predominant llfl- 
reductase in many intact cells in culture (16-19), including primary hippocampal neurons (20) 
and perhaps the brain (21). In principle, 1 Ifi-reductase is anticipated to amplify glucocorticoid 
^action in target cells, exploiting circulating inert 11-keto steroids produced largely by renal 
llfi-HSD-2. llfl-HSD-I is highly expressed in hippocampal (12, 14) and PVN neurons (13, 
22). However, any role of llB-HSD-1 in glucocorticoid feedback and HPA function is 
obscxire, with studies hindered by the nonselectivity of available licorice-based inhibitors and 
their variable access to CNS subregions in vivo (23). 

We recently produced mice homozygous for a targeted disruption of the llfi-HSD-1 gene 
(24). These mice cannot regenerate active corticosterone from inert 1 1-dehydrocorticosterone 
in vivo confirming that llfi-HSD-1 is the predominant or sole llB-reductase in the body. 
Despite more than adequate levels of active corticosterone in the plasma, the llB-HSD-1 
deficient mice show reduced activation of glucocorticoid-sensitive hepatic gluconeogenic 
enzymes in response to stress or obesity, and consequently attenuated plasma glucose 
elevations to these stimuli. These data clearly illustrate the principle that intracellular 
activation of corticosterone from circulating inert 11-DHC plays an important role in 
determining effective intracellular glucocorticoid action in the hepatocyte. Indeed, the 1 IB- 
HSD-1 null mice show elevated basal (morning) plasma levels of corticosterone, as well as 
adrenal hypertrophy. Whilst adrenal hypertrophy might be anticipated to reflect a requirement 
for increased steroid synthesis in the light of a greater, net inactivation of corticosterone in the 
: deficient mice (with no reactivation of 11-DHC by UB-reductase), elevated basal levels of 
corticosterone would not occur if HPA axis regulation is functioning normally. In such a case 
there would be elevated corticosterone production over time to maintain normal plasma 
corticosterone levels. We have now, therefore, investigated HPA activity and glucocorticoid 
feedback in llB-HSD-1 deficient mice, to determine if circulating levels of glucocorticoids 
are the only signal for central actions of glucocorticoids or whether the glucocorticoid signal 
is modified by 1 lB-HSD-1 in a tissue specific manner. 
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Materials and Methods 

Animals 

Adult llfi-HSD-1 male mice (MFl/129) were used for this study and compared to age- 
matched wild-type controls (24). Animals were housed singly prior to experiments. The 
lightrdark cycle was kept constant with lights on from 07:00 h to 19:00 h. Animals were 
given standard chow and water ad libitum and all studies were carried out to the highest 
standards of humane animal care. 

Materials 

All chemicals were purchased from Sigma Chemical Co. (Poole, UK), unless otherwise 
stated. Molecular biology reagents were obtained from Promega UK. 

Circadian experiments 

To investigate the diumal rhythm of glucocorticoids, animals were sacrificed by decapitation 
in stress-free conditions at 08:00, 12:00, 16:00, 20:00 and 24:00 h. Trunk blood was 
collected in EDTA (0.1% final cone.) and plasma samples stored at -80°C prior to analysis for 
corticosterone, 11-DHC, ACTH and corticosteroid binding globulin (CBG) levels. Brains, 
taken at 08:00h, were rapidly frozen on dry ice and stored at -80°C. Liver samples were 
removed into molybdate buffer for homogenisation and GR binding assays were performed 
on the extracts. 

Restraint stress 

For the acute restraint stress test, mice were placed in a restraint tube for 10 min and then 
decapitated immediately, 45 min or 90 min after the start of restraint. Trunk blood was 
collected, as above. At the 90 min time point, brains were taken and stored, as above. 

Glucocorticoid feedback inhibition experiments 

To study HPA axis feedback, basal plasma samples were obtained by tail nick, and then mice 
received vehicle (com oil) or Cortisol (5 mg kg 100 \i\ i.p., a dose chosen to cause near 
complete HPA axis suppression in wild-type animals) and left to recover for 2 h. Synthetic 
glucocorticoids, such as dexamethasone, were not used as these may poorly penetrate the 
CNS in rodents and are poor llfi-HSD-1 substrates. Animals were placed in a restraint tube 
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for 10 min and then killed immediately or after 90 min and trunk blood collected and stored, 
as above. 

Analysis of plasma hormones 

Plasma corticosterone was measured by radioimmunoassay, as described (25), modified for 
microliter plate scintillation proximity assay. Cross-reactivity with Cortisol was < 8 %. 
ACTH was quantified by radioimmunoassay, as described (22), using conmiercially-available 
rabbit anti-ACTH antisera (IgG Corporation, Nashville, USA). 

11-DHC was measured by radioinununoassay. Plasma (20 ^1) was incubated in 50 ^il with 
rabbit anti-ll-DHC antibody (1:10,000 dilution; a gift from Prof. Vecsei and Dr. Haack, 
Ruprecht-Karls-Universitat, Heidelberg) and [^H]-l 1-DHC (10000 cpm) in borate buffer in a 
96 well plate for 1 h at RT. Anti-rabbit SPA beads (Amersham, UK; 50 |il) were added, the 
plate sealed, incubated overnight at RT and covmted in a Microbeta counter. The assay 
showed sensitivity to 1 1-DHC down to 2.5 nM and did not cross-react with corticosterone (in 
the range 0.5 - 320 nM). To reduce the concentration of free corticosterone in samples and 
thus any low-level cross-reactivity, non-denatured samples were used since this preserves the 
specific binding of corticosterone to CBG, while allowing 1 1-DHC to remain unbound (26). 
[^H]-11-DHC was generated from [l,2,6,7-^H]-corticosterone (Amersham, UK) as described 
(16). The efficiency of conversion of [1,2,6,7-^H] -corticosterone to [^H]-l 1-DHC was >98 
%. 

Plasma corticosteroid binding capacity was assessed in plasma samples, as outlined (27). 
Briefly, plasma samples were stripped of endogenous steroids using dextran-coated charcoal 
(DCC : methanol-washed charcoal (1 g) coated with dextran T-70 (0.1 g) in 100 ml 
molybdate buffer) and aliquots incubated vsdth 1 pmol/lOO^il [l,2,6,7-^H]-corticosterone 
(Amersham, UK) in the presence (nonspecific binding) and absence (total binding) of 2000- 
fold excess of unlabeled corticosterone for 1 h at 22 °C. Unbound corticosterone was 
removed using DCC (10 min, 4 °C) followed by centrifiigation at 3000 g for 15 min at 4 °C. 
Bound [^H]-corticosterone in the supernatant was counted. CBG in plasma was estimated 
from specifically-bound [^H]-corticosterone. Results are presented as pmol corticosterone 
boimd/ml plasma. 
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Liver cytosol GR Kd and Bmax measurements 

Liver was homogenised in 3x vol ice-cold molybdate buffer (10 mM Tris-HCl, 2 mM 
dithiothreitol, 1.5 mM EDTA, 0.1 M sodium molybdate, 10 % glycerol, pH 7.2) using 3xlOs 
pulses of a Polytron homogeniser. The homogenate was centrifiiged (20000g, 20 min, 4 **C) 
and the supernatant further centrifiiged (lOSOOOg, 60 min at 4 ^^C) to obtain samples for 
protein (Bradford assay; BioRad, UK) and receptor assays. For the receptor assays, samples 
(50 were diluted to 4 mg/ml in molybdate buffer and incubated overnight with 25 jil 
[l,2,4,6,7-^H]-dexamethasone (final concentration 1.5 nM, 3000 cpm/assay tube; Amersham, 
UK) and 25 \i\ non-radioactive dexamethasone or corticosterone (final concentration 0.316 
nM - 100 ^M) at 4 ®C in 96 well plates. Nonspecific binding was assessed in the presence of 
200 |iM cold dexamethasone. Free and bound steroids were separated using 100 |il DCC by 
centrifugation at 1500 g for 15 min at 4 Supematants were removed to a 96-well plate 
and 2 vol scintillant (Optiphase-Supermix; Wallac, Finland) added. Plates were sealed, 
shaken and counted. Liver cytosol GR K<i for dexamethasone (DEX; nM) and Bmax (mnol 
DEX/g protein) were calculated using equilibrium binding analysis. 

In situ hybridisation for GR, MR and CRH steady state mRNA expression 
Coronal cryostat sections (10 |im) at the level of the hippocampus and hypothalamic PVN 
were mounted onto gelatin and poly-L-lysine coated slides and stored at -80°C. In situ 
hybridisation studies were performed according to (28). Tissues sections were fixed in cold 
4% paraformaldehyde in 0.1 M phosphate buffer pH 7.4 containing 0.02% DEPC for 10 min 
at room temperature, followed by 3 x 5 min in 2 x SSC. For CRH mRNA, pre-hybridisation 
buffer containing 50 % formamide, 0.6 M NaCl, 0.01 M Tris HCl, 1 x Denhardt's solution, 1 
^M EDTA, 0.5 mg/ml denatured salmon sperm DNA and 0.125 jig/ml yeast tRNA was 
applied to the sections and the slides were incubated at 50 *^C for 2 h in sealed boxes. 
Plasmids containing fragments of cDNA for rat GR (673 bp Pstl-EcoRI fragment of rat 
cDNA), MR (513 bp EcoRI fragment of rat cDNA) and CRH (518 bp PvuII-BamHI fragment 
of rat cDNA) were used as templates to transcribe radiolabeled sense and antisense riboprobes 
using •'^S-UTP (Amersham, UK). cRNA probes were denatured, added to the hybridisation 
mixture (10 - 15 x 10^ cpm/ml; 50 % formamide, 0.6 M NaCl, 0.01 M Tris HCl, 1 x 
Denhardt's solution, 1 |iM EDTA, 0.1 mg/ml denatured salmon sperm DNA, 0.125 |ig/ml 
yeast tRNA, 10 % dextran sulphate 10 min, at 75 °C), and cooled to 55°C before addition of 
10 mM DTT. Hybridisation mixture (200 ^1/slide) was then added to the sections and 
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incubated overnight (16 h at 50°C) in sealed boxes. Following hybridisation, the slides were 
rinsed twice in 2 x SSC for 30 min. at room temperature prior to RNase A digestion (0.09 
Hg/ml final concentration in 0.5 M NaCl, 0.01 M Tris HCl, 0.001 M EDTA for 1 h at 37 ^C). 
The slides were washed to a final stringency of 0.1 x SSC at 60®C. After dehydration, 
sections were air-dried and exposed to autoradiographic film for one week at RT. Serial 
dilutions of ^^S-UTP were made on filter paper and exposed under identical conditions to 
standardize signal strength. No signal was seen from ^^S-labeled 'sense' RNA probes of 
similar specific activity hybridised under identical conditions to the antisense probes (not 
shown). Fihns were quantified by computer densitometry (Research Imaging, Canada). For 
auto-radiographs, specific optical density measurements were obtained following subtraction 
of background density (obtained over white matter). Five to ten readings were taken firom 
each region of each tissue section (3 sections per mouse). For GR, sections were dipped in 
photographic emulsion (Kodak NTB2, UK) and stored at 4 °C before development and 
counterstaining with pyronin (l%,w/v). Grain counting was performed using an MCID 
system (Research Imaging, Canada). 

Statistics 

For diumal rhythms and stress experiments, groups were compared by genotype and time 
using 2-way ANOVA. Where significant differences and a genotypertime interaction were 
noted, one-way ANOVA with post-hoc Scheffe F-tests were performed for within group 
comparisons, and t-tests were used to show significant differences between groups. For in situ 
hybridization histochemistry data, groups were compared by independent two-tailed Student's 
t-tests. Some hormonal data were not normally distributed and were log-transformed before 
analysis, or, when this failed to normalize the distribution (eg basal ACTH), data were 
assessed by the non-parametric Mann- Witney test. Values are means ± sem (n) and p<0.05 
was taken as significant. 

Results 

ll-HSD-l deficient mice have altered basal HPA parameters and diurnal rhythms 
Wild-type mice showed a clear diumal rhythm of plasma corticosterone, with a nadir of --25 
nM at 08:00 h and a peak of --ISO nM at 20:00 h (Figure lA). Plasma corticosterone levels in 
llB-HSD-1 "^"animals were elevated at OS.OOh, compared with wild type controls. The UB- 
HSD-1 mice also showed a diimial rhythm of corticosterone, with a nadir at 08:00 h, but 



had an earlier rise at 12:00 h, resulting in a more extended corticosterone peak. The IIB- 
HSD-1 deficient mice showed significantly greater corticosterone secretion over the 24 h 
period (genotype:time interaction, F(4,66)=3.41, p=0.0135). 

Plasma 11-DHC levels in wild type mice also showed a significant diurnal variation, 
approximately in parallel to plasma corticosterone, with a nadir at 08:00 h and a peak at 20:00 
h (Figure IB). 11-DHC levels in UB-HSD-l deficient mice were significantly elevated 
compared to wild-type animals over the 24 h period (genotype:time interaction, 
F(4,76)=4.678 p=0.002). UB-HSD-l"^" animals maintained the diurnal rhythm of 11-DHC, 
with levels significantly elevated above morning basal levels by 12:00 h and an earlier peak 
than wild-type animals. 

1 lB-HSD-1 deficient mice showed a striking reduction in the amplitude of the diumal ACTH 
rhythm compared to the wiidtype mice. Although peak levels were similar, nadir plasma 
ACTH levels were higher in 1 IB-HSD-l'^' mice (p=0.02 Mann- Witney test; Figure IC). 

Plasma CBG levels (Table 1) and hepatic GR binding characteristics (Table 1) were similar in 
wild-type and 1 IB-HSD-l'^" animals, demonstrating that alterations in these parameters cannot 
underlie the changes in basal HP A activity in the llB-HSD-l"^' mice. GR and MR mRNA 
levels in the hippocampus were also identical between the genotypes (Table 2). Whilst CRH 
mRNA expression in the hypothalamic PVN was similar in wild-type and 1 IB-HSDl"^" mice, 
GR mRNA levels in the PVN were significantly reduced in 1 IB-HSD-l'^" mice (p<0.01; Table 
2). 

lUHSD' 1 deficient mice show elevated responses to acute restraint stress 
Following 10 min restraint stress, both wild-type and llB-HSDl"'" mice showed significant 
elevation of plasma corticosterone, but the peak corticosterone response of the 1 IB-HSD-l'^' 
mice was significantly greater than in wild-type (Figure 2A) and overall the llB-HSD-l"^' 
mice had a greater corticosterone response to stress compared to wild-type (genotypertime 
interaction, F(3,54)=5.48 p=0.0023). Whilst the initial fall in plasma corticosterone levels was 
rapid in both genotypes, 90 min after stress, plasma corticosterone levels were significantly 
higher in 1 16-HSD-r^' mice than wild-type (p<0.05). 
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In wild-type mice restraint stress produced a gradual increase in plasma 11-DHC over the 
sampling period, the increase only reaching significance at 90 min (Figure 2B). In marked 
contrast, 1 1-DHC levels in 1 lB-HSD-1 deficient mice increased dramatically, peaking 10 min 
following restraint stress and falling thereafter. The peak levels achieved were significantly 
increased in the mutant mice above those seen in wild-type mice (genotype:time interaction, 
F(3,59)=4.467,p=0.0068). 

Both llB-HSD-1 deficient and wild type mice showed an immediate ACTH response to 
restraint stress. However, the overall ACTH response to stress was significantly greater in the 
llB-HSD-r^' mice (genotype: time interaction, F(3,29)=6.059, p=0025). Moreover, ACTH 
levels remained elevated above basal values for a longer period (90 min) in the llB-HSD-1 
deficient animals (Figure 2C). 

Reduced effect of exogenous glucocorticoids on HPA axis activity in 11-HSD-l deficient 
mice 

Wild type mice were pre-treated 2 h prior to stress with vehicle or Cortisol in a dose chosen 
(on the basis of pilot studies) to cause near full inhibition of the subsequent corticosterone 
response to restraint stress (cortisol-treated corticosterone peak 66 ± 17 nM, n=5). In age and 
weight-matched llB-HSD-l"^" mice, this dose of Cortisol was significantly less effective in 
suppressing the corticosterone rise 10 min post-stress (Cortisol 1 14 i 8 nM, n=4). Thus at 10 
min, immediately on cessation of stress, wild-type animals pretreated with Cortisol, had 
significantly lower corticosterone levels compared to llfi-HSD-l"^" mice pretreated with 
Cortisol (Figure 3). 

Discussion 

Here we show that deficiency of llB-HSD-1 alters HPA fimction, both basally and in 
response to stress. 1 16-HSD-l has been shown to be the only enzyme to convert inactive 11- 
deoxycorticosterone (1 1-DHC) to active corticosterone in the mouse (24). Therefore, although 
normal conversion of corticosterone to 1 1-DHC occurs in the llfi-HSD-1-/- mice, no 
regeneration of corticosterone within tissues occurs, due to the lack of 1 1 -reductase activity. 
This may be predicted to result in lower glucocorticoid levels and hence a compensatory 
increase in basal corticosterone secretion would ensue to maintain the normal corticosterone 
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levels. The maintenance of basal corticosterone levels appears to be critical for normal 
functioning of the HPA axis and its response to various stressors (29). Indeed 116-HSD-l 
deficient mice show adrenocortical hyperplasia and increased adrenal sensitivity to ACTH in 
vitro (24). However, basal plasma corticosterone levels should be unaltered, providing HPA 
sensitivity to glucocorticoids is unchanged. Instead, llB-HSD-1 deficient mice have clear 
basal glucocorticoid hypersecretion alongside increased basal ACTH levels. These data imply 
increased basal HPA activity which might be due to either increased drive and/or attenuated 
feedback control. 

Several lines of evidence demonstrate that 1 16-HSD- l deficient mice have reduced sensitivity 
to glucocorticoid negative feedback upon the HPA axis. First, despite elevated circulating 
glucocorticoid levels, there is no down-regulation of several key HPA-associated 
glucocorticoid target genes and their products, including GR and MR mRNAs in the 
hippocampus, CRH mRNA in the PVN and plasma ACTH levels. The latter is particularly 
unexpected, given the increased adrenal sensitivity to ACTH in these mice (24). Second, after 
stress, the rate at which plasma corticosterone levels retum to basal (post-peak) is dependent 
on the ability of glucocorticoids to terminate the central activation of HPA activity at various 
sites (pituitary, hypothalamus and higher centres of the brain) by negative feedback. Despite 
elevated peak glucocorticoid levels in response to stress and the more efficient clearance of 
corticosterone, in the absence of 1 IB-reductase regeneration firom 1 1-DHC, post peak (60-90 
min) plasma ACTH and corticosterone levels are significantly higher in llB-HSD-1 deficient 
mice than wild type controls. Hence elevated post-peak plasma corticosterone and ACTH 
implies insensitivity to feedback control. Third, directly to address this, mice were given 
Cortisol in a dose which greatly attenuated the HPA response to a subsequent stress in wild- 
type mice. llfi-HSD-1 deficient mice similarly pretreated with Cortisol had a significantly 
greater corticosterone response to stress, despite increased metabolic clearance of Cortisol (no 
regeneration by hepatic 1 lfi-HSD-1 after metabolism to cortisone by renal 1 lB-HSD-2 which 
is unaltered in the 1 16-HSD-l deficient mice (24)), confirming a lack of sensitivity to 
glucocorticoid feedback in these animals. 

Insensitivity to negative feedback regulation by glucocorticoid hormones could be obtained in 
several ways; decreased free levels of circulating glucocorticoids by elevation of plasma CBG 
levels, by decreased glucocorticoid levels in relevant tissues due to altered llB-reductase 
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activity, or changes in tissue GR affinity or numbers at sites of negative feedback regulation 
(particularly the hippocampus and hypothalamus). However, no changes were observed in 
CBG levels in 1 IB-HSD^l deficient mice. Indeed, CBG is a hepatic glucocorticoid-inhibited 
transcript (30). The maintenance of CBG levels in llB-HSD-1 deficient mice further supports 
the notion of reduced effective glucocorticoid action in cells despite plasma glucocorticoid 
excess. The insensitivity to feedback cannot readily be ascribed to alterations in GR affinity 
for glucocorticoids which was unaltered (at least in liver) or in GR or MR mRNA levels in 
the hippocampus. Hence, the implication is that lack of 1 111-reductase in feedback sites such 
as hippocampus, pituitary and perhaps PVN leads to attenuated glucocorticoid regeneration 
within these cells and therefore a reduced effective intracellular glucocorticoid signal in vivo. 

However, there is a tissue-specific heterogeneity of glucocorticoid effects in the llfi-HSD-1 
deficient mice. Notably, the animals show reduced GR mRNA in the PVN. This contrasts 
with maintained GR in the hippocampus and indeed maintained CRH mRNA in the same 
region of the PVN. These findings suggest that there is a differential sensitivity to 
corticosterone in different brain areas. Activity of llB-HSD-1 is lower in the hypothalamus 
than the hippocampus and pituitary (12, 14), which is in accord with these findings and 
supports the notion that the enzyme provides tissue-specific glucocorticoid modulation. 
Lower GR in PVN might attenuate feedback sensitivity too and may imderpin the 
maintenance of CRH transcripts in the face of hypercorticosteronaemia. It is likely that a 
combination of two processes, reduced GR expression in PVN and loss of 1 IB-reductase with 
consequent decrease in ligand availability to GR, underlies the negative feedback insensitivity 
in llB-HSD-1 deficient mice. The importance of GR in negative feedback sensitivity of the 
HPA axis has been demonstrated in mice which lack GR throughout the CNS (31). These 
animals show elevated CRH and corticosterone, but reduced ACTH levels, suggesting the 
expected dominant role for the receptor, but illustrating the analogous though less potent 
effect of 1 lB-HSD-1. However, reduction of GR by antisense expression (32) has less effect 
upon basal corticosterone and ACTH (33) than loss of 1 lB-HSD-1, suggesting that absence of 
enzyme activity in llB-HSD-1 deficient mice is the more critical factor contributing to the 
HPA abnormalities than the modest reduction in GR seen in the PVN in the 116-HSD-l 
deficient mice. 
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Interestingly, circulating levels of 1 1-DHC (which are little bound to plasma proteins) in mice 
are 2-7 nM and thus similar to, if not greater than, basal *fi:ee' corticosterone levels (~lnM), 
assuming -95% of circulating corticosterone is usually bound to CBG. Cortisone levels in 
humans are even higher at around 50nM (34). Moreover, --50% of 1 1-DHC is converted to 
active corticosterone on a single pass through the intact rat liver (35). It is therefore feasible 
that 1 IB-reductase activation of 1 1-DHC contributes an appreciable proportion of intracellular 
active glucocorticoid. The progressive accumulation of 1 1-DHC following stress in wild type 
mice is presumably a consequence of increased corticosterone substrate for renal llB-HSD-2 
conversion to 1 1-DHC which is then back-converted to corticosterone by 1 lB-HSD-1 in liver 
and elsewhere, fueling further renal conversion to 1 1-DHC. The rising 1 1-DHC levels 
presumably also represent an increasing substrate for reduction in feedback sites, amplifying 
the glucocorticoid effect. 

What of forward HPA drive? The llfi-HSD-1 deficient mice show maintained circadian 
rhythmicity and good HPA responses to stress suggesting stimulatory pathways are intact. The 
exaggerated early stress responses of corticosterone are consistent with increased adrenal 
sensitivity to ACTH with 'paradoxically' maintained ACTH release, presumably due to the 
attenuated central sensitivity to the elevated basal glucocorticoid levels. Similar central 
glucocorticoid insensitivity (but not adrenal hypersensitivity) is seen in transgenic mice with 
antisense reduced GR expression (33, 36). However there is a diumal early peak of HPA 
activation in the llfi-HSD-1 deficient mice suggesting more fundamental alterations in 
rhythm generation, perhaps at the suprachiasmatic nucleus which expresses some 1 lfi-HSD-1 
(12) and is sensitive to glucocorticoid modulation. Future studies will address the nature of 
^this finding and the possible relevance of llB-HSD-1 in the human CNS and its disorders. 
Overall, the data suggest a novel and important role for llfi-reductase in regulation of the 
HPA axis. The importance of this enzyme in other CNS systems remains to be determined. 
This is of particular interest in the hippocampus and cerebellum where 1 16-HSD-l expression 
is highest and where glucocorticoids have important effects upon electrophysiological 
parameters, behavior and cognition as well as neuronal development, structure and survival 
(3, 37,38). 
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Table 1: Plasma corticosteroid binding globulin (CBG) levels and liver glucocorticoid 
receptor (GR) kD for dexamethasone (DEX, nM) and Bmax (nmol DEX/g protein) from 
wild-type (+/+) and 1 lB-HSD-1 null mice (-/-). Values are meaatSEM, n=9. 





+/+ 


-/- 


Plasma CBG 


217±23 


174±15 


(pmol corticosterone/ml) 






Liver GR binding 






kD(nM) 


1.9±0.6 


2.0± 0.5 


Bmax (nmol/g protein) 


0.14±0.02 


0.17±0.03 



Table 2: Basal (nadir) steady state mRNA levels of glucocorticoid receptor (GR), 
mineralocorticoid receptor (MR) and corticotropin-releasing hormone (CRH) in wild-type 
(+/+) and 1 lB-HSD-1 null mice (-/-) in the hypothalamic paraventricular nucleus (PVN), and 
dentate gyrus (DG), CAl and CA3 regions of the hippocampus. In situ hybridization studies 
assessed by grain coimting over individual neurons (GR) or optical density measurements 
over autoradiographically identified areas (MR, CRH). Data are means ± SEM (n); ** p<0.01 
compared to wild-type value; n.d. = not determined 





GR (grains/cell) 


MR(OD;as%+/+DG) 


CRH (OD; as % +/+) 




+/+ 


-/- 


+/+ 


-/- 


+/+ 


-/- 


PVN 


46±6(7) 


25±3 (8) ** 


n.d. 


n.d. 


100±6 (10) 


89±5 (12) 


DG 


37±6 (8) 


31±4(8) 


lOOill (9) 


83±16 (9) 


n.d. 


n.d. 


CAl 


38±9 (8) 


32±4 (8) 


96±10(10) 


107±19(9) 


n.d. 


n.d. 


CA3 


11±3(8) 


13±2 (8) 


180±23 (10) 


196±43 (10) 


n.d. 


n.d.. 
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Figure Legends 

Figure 1: Plasma levels of A) corticosterone (nM), B) ll-dehydrocorticosterone (11-DHC; 
nM) and C) Log plasma levels of adrenocorticotropin (ACTH; pg/ml) from vnld-type (+/+ 
filled squares) and llB-HSD-1 null mice (-/- open triangles) secreted throughout the day 
(lights on 07:00 h to 19:00 h). Values are mean±SEM, n=6-9 mice for each time point. 
*p<0.05, **p<0.01 compared to 08:00 h time point, § p<0.05 compared to wild-type at that 
time point. 



Figure 2: Plasma levels of A) corticosterone (nM), B) 11-dehydocorticosterone (U-DHC; 
nM) and C) Log plasma levels of adrenocorticotropin (ACTH; pg/ml) secreted over 90 min 
from wild-type (+/+ filled squares) and llB-HSD-1 null mice (-/- open triangles) in response 
to 10 min restraint stress (hatched bar) given at 09:00 h. Values are mean^SEM, n=7-10 mice 
for each time point. * p<0.05 compared to wild-type at that time point. 

Figure 3: Plasma levels of corticosterone (nM) secreted over 90 min from wild-type (+/+ 
filled colxmm) and llB-HSD-1 null mice (-/- open colvmom) in response to 10 min restraint 
stress given at 11:00 h, 2 h after pre-treatment with Cortisol (5 mg/kg i.p.). Values are 
meaniSEM, (n). * p<0.05 compared to wild-type. 



Figure 2 



A T 300 

c 
o 

o 

S 200 
u 

■c 
o 
o 

I 100 

(0 
(D 

a. 

0 

^60 
B S50 

o 

X 40 
O 

^ 30 

I 20 

^ 10 



E 



c s 



I- 
o 
< 

(0 

E 

(0 

w 

Q. 

O) 

o 



7 
6 
5 
4 
3 
2 
1 




30 



60 



90 




30 60 



90 




30 60 90 
Time (min) 



+/+ 
-/- 



Figure 




llp-Hydroxysteroid dehydrogenase Type 1 Null Mice have an 
Atheroprotective Lipid Profile. 

Nicholas M. Morton% Megan C. Holmes, Catherine Feivet§, ?????§ , Bart Staels§, John J. Mullinst 
and Jonathan R. Seckl. 



Running Title: Atheroprotective Lipid Profile in llpHSD-1 Null Mice. 

Molecular Endocrinology, Molecular Medicine Centre, University of Edinburgh, Western General 
Hospital, Crewe Road South, Edinburgh, EH4 2XU, UK, fMolecular Physiology Laboratory, 
University of Edinburgh, Wilkie Building, Teviot Place, Edinburgh, EH8 UK and, §Departement de 
Atherosclerose, U.325 INSERM, Institut Pasteur de Lille.l Rue du Prof. Cahnette B.P.245, 59019 
Lille, Cedex, France. 



^ To whom correspondence should be addressed: 

Department of Endocrinology, University of Edinburgh, Molecular Medicine Centre, Western 
General Hospital, Crewe Road South, Edinburgh, EH4 2XU, UK. 
Tel: +44 (0)131 651 1030. 
Fax: +44 (0)131 651 1085. 
Email: nik.morton(@ed.ac.uk 



Summary 



Strong evidence suggests llp-hydroxysteroid dehydrogenase type 1 (lip-HSD-1) acts mainly as a 
tissue-specific llp-reductase, thus amplifying intracellular glucocorticoid action by inter converting 
inert 11-dehydrocorticosterone to active corticosterone, particularly in liver. lipHSD-1 null mice 
(lipHSD-l"'") mice resist the hyperglycaemia resulting from stress and chronic high-fat feeding. 
Here we investigated aspects of lipid metabolism, hepatic insulin sensitivity and cardiovascular 
function determined by liver-specific changes in gene expression in UpHSD-l ' mice. Ad lib fed 
lipHSD-l"'" mice have lower triglyceride and elevated HDL cholesterol levels compared to wild- 
type. Whilst liver transcript levels of proteins in lipogenic pathways are similar to wild type, those 
encoding enzymes of fatty acid oxidation are increased in 1 IpHSD-l"'" mice. Hepatic expression of 
PPARa, a key glucocorticoid-sensitive transcription factor driving lipid metabolism, is also 
elevated in fed llpHSD-1"'' mice. HDL apolipoprotein AI transcript and serum levels are elevated | 
whereas serum apolipoproteins All, CIII and liver Aa-fibrinogen transcript levels are reduced. 
Despite an abolished PPARa induction, fasting glucose levels and induction of the fatty acid 
oxidation pathway in lipHSD-1^' mice is similar to wild type. Further, re-fed llpHSD-1"'" mice 
have increased hepatic insulin sensitivity, with exaggerated repression or induction of insulin- 
sensitive transcripts in the oxidative and lipogenic pathways, respectively. Finally, intraperitoneal 
glucose tolerance tests show llpHSD-l '' mice have improved glycaemic control. These data 
provide a molecular basis for the contention that fimctional loss of llpHSD-1 promotes a 
favourable, potentially atheroprotective and insulin sensitised phenotype in lipHSD-l' ' mice. 



Introduction 

Glucocorticoids potently regulate glucose and lipid homeostasis, acting largely via intracellular 
glucocorticoid receptors in the liver, adipose tissue and muscle. Glucocorticoid actions are mainly, 
but not exclusively, antagonistic to the effects of insulin. Excess glucocorticoids, epitomised by 
Cushing's syndrome in humans, leads to insulin resistance/type 2 diabetes, dyslipidaemia and a 
redistribution of adipose tissue to the visceral depots associated with increased cardiovascular risk 
(1). It has been suggested that more subtle abnormalities of glucocorticoid action within cells may 
occur m the "metabolic" or insulin resistance syndrome of co-associated cardiovascular risk factors 
(2-4). Recently a novel and important level of control of glucocorticoid action has become apparent, 
pre-receptor metabolism by llB-hydroxy steroid dehydrogenases (llB-HSDs). UB-HSDs catalyse 
the interconversion of active physiological 11 -hydroxy glucocorticoids (Cortisol in most mammals, 
corticosterone in rats and mice) and their inert 1 1-keto forms (cortisone, 1 l-dehydrocorticosterone). 
There are two isozymes of 1 IC-HSD, the products of distinct genes (5, 6). 1 IB-HSD type 2 is a high 
affinity dehydrogenase that rapidly inactivates corticosterone in kidney and colon, thus excluding 
glucocorticoids from otherwise non-selective mineralocorticoid receptors in vivo (7, 8). However, 
white adipose tissue solely expresses Ufi-HSD type 1 (9), as does the liver where the enzyme is 
particularly abundant (1 0, 1 1). 

llB-HSD-1 is a predominant reductase in most intact cells, including hepatocytes (12), adipocytes 
(13), neurons (14), and in the isolated liver ex vivo (15). This reaction direction regenerates active 
glucocorticoids within cells from free circulating inert 11-ketosteroids. Mice homozygous for 
targeted disruption of the llBHSD-1 gene are viable, fertile and have normal longevity (16). 
However, llBHSD-1 null mice cannot regenerate corticosterone from inert 11- 
dehydrocorticosterone, indicating this isozyme is the unique llB-reductase. Strikingly, the null 
animals exhibit attenuated gluconeogenic responses upon stress and resists the hyperglycaemia 
induced by chronic high fat feeding (16). This occurs despite modestly elevated plasma levels of 
corticosterone. The results suggest that llBHSD-1 -reductase activity is an important amplifier of 
intrahepatic glucocorticoid action in vivo. Intriguingly, tissue-specific alterations in llpHSD-1 
activity have been implicated in the development of obesity and insulin resistance in obese Zucker 
rats (4) and in humans (2). 

In the Metabolic Syndrome, dyslipidaemia is characterised by hypertriglyceridaemia and an 
aberrant lipoprotein and cholesterol profile with elevated VLDL*, but reduced 'cardioprotective' 
HDL cholesterol (17). The plasma lipid profile is largely determined by gene expression in the 
liver. Furthermore, expression and activity of many liver proteins involved in lipid metabolism, 
synthesis, packaging and export are glucocorticoid-sensitive. However, the precise role of 
glucocorticoids in the pathogenesis of hepatic lipid metabolism is unclear, with overall effects 
apparently dependent upon steroid concentrations, the levels of other hormones, particularly insulin, 
and on diet. Indeed, many studies have used short-term treatments and/or non-physiological levels 
of glucocorticoids, making any extrapolations of the subtle effects of altered intracellular 
glucocorticoid metabolism difficult. Moreover, glucocorticoids also have important indirect effects, 
regulating other key transcription factors controlling lipid metabolism, notably inducing the 
peroxisome proliferator-activated receptor-a (PPARa) (18, 19). PPARa drives the oxidative 
adaptation to fasting (20, 21) and serves as the molecular target of hypolipidaemic fibrate drugs (22, 
23). 

Here we investigate the hypothesis that llB-HSD-r^' mice have an altered cardiovascular risk 
profile due to liver-dependent changes in lipid metabolism and insulin sensitivity. To address these 
issues we have analysed circulating lipids and lipoproteins and assessed expression of hepatic genes 
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involved in lipid metabolism and transport, as weU as fibrinogen, another glucocorticoid-sensitive 
hepatic transcript associated with cardiovascular risk. 



'The abbreviations are: VLDL, very low density lipoprotein; HDL, high density lipoprotein; apo, apolipoprotem; 
SREBP-lc, sterol regulatory element-binding protein-lc; FPLC, fast protein liquid chromatography; PEPCK, 
phosphoenolpyruvate carboxykinase, G-6-P, glucose-6 phosphatase; GR. glucocorticoid receptor; HPA. hypothalamic- 
pituitary-adrenal axis; CBG, corticosterone binding globulin. 



Experimental Procedures 

Animals - Male wild type MFl lipHSD-1"'" mice and their controls, bred as previously described 
(16), were housed in standard conditions on a 12h light: 12h dark cycle (lights on 7am). For 
experiments, animals were housed smgly and allowed to acclimatise for at least two days. Animals 
were allocated at random (n=6 per group) to receive either ad lib access to chow, a 24 h fast, a 24 h 
fast with a 4 h re-feed or a 24 h fast with a 24 h re-feed. All fasting commenced at 8am. Aninials 
were killed by decapitation in a separate room from their housing within 1 min of their cage being 
disturbed. 

Plasma Parameters -Trunk blood was collected rapidly, plasma separated and samples kept on ice 
until measurement of triglyceride, free fatty acids, total cholesterol and HDL cholesterol. 
Triglyceride was measured using a lipase based colourometric TG kit (Roche, Mannheim, GmbH). 
Total and HDL cholesterol were measured using the CHOL and HDL C-Plus kits (Roche). Glucose 
was measured with a Glucose HK kit (Sigma, Poole, UK). Plasma insulin was measured using an 
ELISA performed according to manufacturers instructions (Crystalchem, Chicago, USA). 
Corticosterone levels were determined by radioimmunoassay, as described (24) Catherine Feivet \ 
and Bart Staels -Serum was also obtained and analysed for true triglyceride (glycerol-free peak by 
FPLC separation) and cholesterol profiles by FPLC followed by enzymatic methods as previously 
described (23). ApoAI, apoAII, apoCII, apoB and apoE were measured by nephelometry using 
specific antibodies on representative samples. 

RNA Extraction and Analysis - Tissues were snap-frozen in liquid nitrogen and homogenised in 
Trizol (Gibco BRL, Paisley, UK). Total RNA was purified by adding a binding matrix (Rnaid Plus 
kit, BIO 101, Anachem, UK) and eluted from the matrix in diethylpyrocarbonate (Sigma) pre- 
treated water containing 400units per ml RNAsin (Promega, Southampton, UK) and lOmM DTT. 
RNA (5-20ng) was resolved on a 1% MOPS formaldehyde gel and blotted according to standard 
northern blot procedure in 20x SSC onto Hybond N* membranes (Amersham, Little Chalfont, UK). 
Probes were labelled with ^^•'d-CTP using a random primed labelling kit (Roche), purified through 
Nick Columns (Pharmacia-Amersham, Little Chalfont, UK) and hybridised overnight in high SDS 
(6%) phosphate buffer (0.2M NaH2P04, 0.6M Na2HP04, 5mM EDTA) containing 0.5mg/ml 
denatured salmon testes DNA (Sigma) at 65'*C. Blots were washed at eS'C to a maximum 
stringency of O.SxSSC, 0.1%SDS, exposed to phosphor imager film (FLA2000, Fujifilm, London, 
UK) and analysed by quantitative phosphor imager software (Aida, Raytek Scientific, Sheffield, 
UK). Blots were also exposed to film (biomax-MR, Kodak, UK). The probes used for this study are 
listed in table I and were generated from primers designed to sequences in Genbank. All probe 
identities were confirmed by sequencing using the Thermosequenase kit (USB, Cleveland, USA) on 
standard 8% acrylamide sequencing gels. 

Intraperitoneal Glucose Tolerance Test - In a separate experiment, transgenic and wild type mice 
were fasted overnight and then injected intraperitoneally with 2mg/g D-glucose (25% stock solution 
in phosphate buffered saline). Blood samples were taken by tail venesection into EDTA-micro tubes 
(Sarstedt, Leicester, UK) at zero (before injection and within 1 minute of disturbing the cage) and at 
5, 15 30 60 and 120 minute intervals after the glucose load. 

llp-HSD-1 Enzyme Activity - Liver samples were homogenised as described (12). The reaction 
included O.lmg/ml protein, 25 nM tritiated corticosterone and an excess {2\M) of the lipHSD-1 
specific co-factor NADP (under in vitro conditions in homogenised tissues, llB-HSDl is bi- 
directional, witii assay of dehydrogenation more stable). The assay was in the linear range of 
protein concentration and product formation. After a 10 min incubation, steroids were exfracted 
with ethylacetate. Steroids were separated by thin layer chromatography (TLC), identified by 



migration in comparison to unlabelled corticosterone and ll-dehydrocorticosterone standards and 
quantified with a phosphorimager tritium screen (Fujifilm). TLC results were validated by HPLC 
analysis of a representative group of samples firom each experimental group.. 

Oil Red O Staining for Lipid - Frozen livers were sectioned (20nm) and stained with Oil red O 
(Sigma) to identify neutral lipid, cholesterol and fatty acids (red colour). Nuclei were counterstamed 
with (blue) haematoxylin (Sigma). Rinses were as follows: water, 60% isopropanol, 0.1% w/v oil 
red O in isopropanol 10 min, 60% isopropanol, 3x water, mayers haematoxylin 90 s, 1% 
ammonium, water. Sections from livers in each experimental group were processed simultaneously. 
Finally, slides were covered in aqueous mount, coverslipped and viewed under a light microscope at 
equal light intensity. 



Results 

UPHSD-r'' mice have lower plasma triglyceride and higher HDL cholesterol - Plasma 
triglycerides were lower in ad lib fed llpHSD-1 null mice (Fig.l A). A representative FPLC profile 
of ad lib 'true' triglycerides (Fig. IB) indicated that glycerol interference does not account for the 
differences between genotype. Triglycerides clearly fall upon fasting in both genotypes. Two way 
ANOVA indicated that the reduction in triglycerides in UpHSD-l"'" mice upon fasting was 
significantly smaller in magnitude compared to wild type (Fig lA). However, whilst wild-type 
triglyceride levels returned to ad lib fed values by 24 hours of re-feeding, 1 1 pHSD-1' " triglyceride 
values returned to ad lib values by 4 hours and exhibited an overshoot to levels significantly higher 
than the ad lib fed group at 24 hours. Total and HDL cholesterol did not vary significantly with 
dietary manipulation (Fig. 2A and 2B). However, there was a highly significant effect of genotype, 
with UpHSD-l^' mice having higher HDL cholesterol levels (-130% of wild type; Fig. 2B). 
Plasma glucose levels were similar in both genotypes in the fed state (wild type 6.24±0.04 versus 
null 5.8±0.5 mmol/L), with a trend towards lower fasting glucose in lipHSD-l '" mice (wild type 
4.04±0.3 versus null 3.4±0.1 mmol/L), as previously observed (Kotelevtsev et al 1997). Four hours 
re-fed glucose levels were similar (wild type 5.3710.45 versus null 5.51±0.29 mmol/L), however, 
there was a small but significant decrease in UpHSD-l null glucose levels at 24 hours re-fed after a 
fast (wild type 5.5 1±0.45 versus null 4.64±0.15 mmol/L, p<0.05). This could reflect increased 
glucose tolerance in the llpHSD-1^" mice. Plasma insulin was highly variable but similar in all 
feeding states in the 2 genotypes. 

Liver transcript profile of Fed llpHSD-l'^' indicates normal lipid synthesis and increased lipid 
oxidation- To investigate the origins of the alterations in plasma lipids, expression of mRNAs 
encoding enzymes involved in the lipid synthetic (Fig. 3) and fatty acid oxidation pathways (Fig. 4) 
were examined by northern blot analysis. Fatty acid synthase (FAS) (Fig 3A) and glycerol- 
phosphate acyl transferase (GPAT) (Fig 3B), enzymes involved in triglyceride synthesis and 
esterification, respectively, were similarly expressed in llfiHSD-1" and wild-type mice under ad 
lib fed conditions. Indeed levels of the crucial lipogenic transcription factor SREBP-lc that drives 
expression of FAS, GPAT and other enzymes in the lipid synthesis pathway (25, 26) were 
comparable between genotypes (Fig 3C). This implies that reduced triglyceride synthesis and 
esterification is unlikely to play a role in the lowered plasma triglyceride profile of lipHSD-l" 
mice. Furthermore, mRNA encoding the rate-limiting enzyme in cholesterol synthesis, hydroxy- 
methyl-glutaryl-CoA-reductase (HMG-CoAR) was ialso expressed at similar levels in both 
genotypes in the fed state (Fig 3D). 

In contrast, when enzymes of fatty acid oxidation were examined we found that mRNAs encoding 
camitinepalmitoyl-transferase-I (CPT-I), a key rate-limiting enzyme in the mitochondrial P- 
oxidation pathway (27), acyl-CoA oxidase (ACQ), a microsomal enzyme involved in fatty acid 
oxidation (28), and uncoupling protein-2 (UCP-2), a protein also implicated in the oxidation of fatty 
acids (29) and known to be expressed in hepatocytes (30), were all elevated in livers of fed 
llpHSD-l"'" mice (Figs 4A, 4B, 4C). Moreover, PPARamRNA, the key hepatic transcription 
factor regulating these genes of fatty acid oxidation was elevated in fed 1 lpHSD-1 mice (Fig 4D). 
Elevated expression of CPT-I, AGO and UCP-2 is consistent with these genes being downstream 
targets of PPARa (31), (32), (30, 33). 

llpHSD-1''' mice have an atheroprotective lipoprotein and fibrinogen profile - We also 
investigated the expression of glucocorticoid sensitive lipoproteins to further dissect the origin of 
the reduced triglyceride and increased HDL levels. Nephelometry was performed with specific anti- 
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apolipoprotein antibodies on a representative sample of serum from both genotypes in the fed state. 
Consistent with a cardioprotective reduction in circulating triglycerides, serum levels of apoCIII, a 
triglyceride-rich component of VLDLthat plays a key role in determining plasma triglyceride levels 
(34), was markedly reduced in llpHSD-l"'" mice (wild type 0.87±0.14 versus null 0.48±0.1 g/L). 
Apolipoprotein AI mRNA, encoding the major component of the HDL particle (35), was 
significantly elevated in fed UpHSD-l"^' mouse liver (Fig. 5A), with elevated circulating plasma 
apoAI levels. Interestingly, serum apoAII, another lipoprotein associated with the HDL particle was 
reduced (wild type 0.53±0.1 versus null 0.28±0.1 g/L). Serum levels of apoB and apoE were not 
different between genotypes. 

To assess a hepatic transcript unrelated to lipoproteins or lipid metabolism, we investigated Aa- 
fibrinogen mRNA, which encodes a glucocorticoid-sensitive plasma factor (36) tiiat is an 
independent cardiovascular risk factor (37). Aa-fibrinogen transcript levels were reduced by 25% in 
fed llpHSD-1-'- mice (Fig. 5B). 

UPHSD-l'^' mice show attenuated induction of glucocorticoid-sensitive transcripts with fasting - 
Fasting causes a 2 fold induction of PPARa in wild type mice (Fig. 4D), consistent with reports that 
this transcription factor mediates glucocorticoid-induced fatty acid oxidation during fast (Kersten et 
al, 1999, Leone et al, 1999). However, whilst lipHSD-l '" liver PPARa levels were higher than 
wild type levels during ad lib fed conditions, fasting mduction of PPARa mRNA was abolished in 
llpHSD-1"'" animals (Fig 4D). Despite tiie abolished induction of PPARa, the downstream target 
genes AGO and UCP-2 showed a fasting induction. This induction was smaller relative to tiie wild 
type ad lib to fasting induction. Such a modest induction could reflect the presence of relatively 
elevated ad lib fed PPARa levels in mice being activated by the increased levels of endogenous 
PPARa activators, fatty acids, during fasting. The glucocorticoid-inducible transcript apoAI also 
shows an attenuated rise on fasting, compatible with reduced effective glucocorticoid levels in 
hepatocytes (Fig 5B). In agreement with an attenuated fasting response, a blunted fast-mediated 
repression of tiie lipid esterification enzyme GPAT is observed in null mice compared to wild type 
mice (Fig. 3B). Furthermore, oil red O histology of fasting llpHSD-1''' liver shows a marked 
accumulation of lipid in comparison to fasted wild-type liver (Fig 6B versus 6D) indicating an 
attenuation of lipid metaboUsm or efflux. However, lipid accumulation resolves similarly in botii 
genotypes upon re-feeding (data not shown). Also, fasting induction of CPT-I (Fig. 4A) appears 
normal and fasting plasma glucose is not significantly different between genotypes. This iniplies 
that the attenuation of glucocorticoid effects on fatty acid oxidation and gluconeogenesis is not 
dramatic enough to cause hypoglycaemia after a 24 hour fast in the 1 1 PHSD-I" ' mice. 

lipHSD-1 does not respond acutely to fasting/re-feeding in wild-type mice - To determine tiiat the 
difference between wild type and llpHSD-l'^' mice were not merely due to feeding-related 
alterations in llpHSD-1 activity, tiranscript levels and activity of tiie wild type llpHSD-1 was 
measured across tiie experimental groups. Neitiier llpHSD-1 mRNA or activity levels were 
affected by a 24 hour acute fast or subsequent re-feeding (Fig. 7A, 7B). Thus, whilst tiie enzyme is 
critical for regulating the active inti^cellular glucocorticoid level, it does not appear to be acutely 
regulated by either the increased corticosterone (wild type, ad lib fed 25.2±7.2 versus wild type 
fasting 222 ±76 nmol/L, p< 0.05). Furtiier, llpHSD-1 mRNA and activity is not affected by tiie 
reduced insulin levels associated witii fasting (wild type, ad lib 3131±81 versus wild type fasting 
564±36 ng/ml) or witii tiie subsequent influx of insulin upon re-feeding (4 hour re-fed value 
6052±654 ng/ml). 

llpHSD-1 mice have increased hepatic insulin sensitivity upon re-feeding after fast - We have 
investigated hepatic insulin sensitivity by assessing tiie relative changes in insulin-sensitive 



transcript levels upon re-feeding after a 24 hour fast. Northern analysis shows that insulin 
repressible transcripts such as CPT-I and UCP-2 were more markedly suppressed in 11|5HSD-1"^" 
mice (Fig 4A and 4C) upon re-feeding. Conversely, insulin-inducible transcripts, such as those in 
the lipogenic (SREBP-1, FAS, GPAT) and cholesterologenic (HMG-CoAR) pathways, were more 
markedly induced in 1 lpHSD-1^' mice upon re-feeding (Fig 3A-D). 

llpHSD-1 mice have improved glucose tolerance - Studies of dynamic glucose disposal indicate 
that lipHSD-1^' mice have improved glycaemic control (Fig. 8). Taking into account the reduced 
zero-time glucose levels in the llpHSD-l"'' mice after fasting which likely reflects the attenuated 
stress reaction in fasting glucose production (16), area under the curve for glucose levels in 
lipHSD-r'' mice indicates overall improved glucose disposal after an intraperitoneal glucose load 
compared to wild type. This is in keeping v/ith improved hepatic insulin sensitivity. 



Discussion 

Glucocorticoids have been implicated in the development of several metabolic defects found in the 
Metabolic Syndrome. The importance of pre-receptor metabolism of glucocorticoids is clear for the 
llB-HSD2-mineralocorticoid receptor system in the distal nephron (7, 8). Any biological role of 
llB-HSDl, which has been proposed to regenerate active corticoids in sites of high expression such 
as liver, has been obscure. Here we show that complete functional loss of UpHSD-l by gene 
knockout promotes a 'cardioprotective' plasma lipid and lipoprotein phenotype, at least in part due 
to changes in expression of key enzymes and transcription factors in the liver. 

Distinct phenotypic responses can be defined in the llpHSD-l '- mice, depending on dietary status. 
Ad lib fed 1 ipHSD-l''' mice exhibit a 'favourable' lipid profile resulting fi^om an apparent increase 
in hepatic oxidative drive and reduced levels of several markers associated with increased 
cardiovascular risk. Fasted UpHSD-l'^" mice show attenuated glucocorticoid-inducible responses 
consistent with those observed in their carbohydrate metabolism (16). Re-feeding after fasting 
indicates llpHSD-l"'' mice have increased hepatic insulin sensitivity. An advantageous metabolic 
profile is also supported by demonstration of improved glycaemic control in 1 1 pHSD- 1 mice. 

In the ad lib fed state, lipHSD-l"^" mice exhibit several features of a 'cardioprotective' lipid and 
lipoprotein phenotype. Plasma triglyceride levels are reduced and potentially beneficial HDL 
cholesterol is elevated. Moreover, UpHSD-l*'' animals have reduced serum apoCIII. ApoCHI 
increases plasma triglycerides by inhibiting hepatic lipolysis (38) and interfering with transfer of 
triglycerides to the liver (34, 39). Reduction of apoCIII would in itself, therefore, contnbute to 
reduced triglycerides. Indeed, apoCIII is positively correlated with cardiovascular disease risk (40). 
Analogously, null mice show increased ApoAI transcript levels, consistent with raised plasma HDL 
cholesterol. ApoAI is the main component of HDL and is negatively associated with cardiovascular 
risk (35). 

It is unlikely that increased synthesis of triglyceride or cholesterol contributes to this phenotype as 
the expression of key rate-limiting lipogenic and cholesterologenic enzymes was unaffected, 
consistent with the finding that the lipogenic transcription factor SREBPlc mRNA was also 
maintained at wild type levels. In contrast, key enzymes of hepatic fatty acid oxidation were 
elevated in the 1 lBHSD-1 null mice, compatible with increased hepatic catabolism of triglyceride as 
a mechanism driving the plasma changes seen. This in part may stem from elevated PPARa and is 
consistent with reports that the genes of fatty acid oxidation CPT-I (31), AGO (32), as well as UCP- 
2 (30, 33) are targets for PPARa in liver. 

Indeed, a number of changes observed in the 1 ipHSD-1^" mice suggest elevated PPARa levels may 
play a functional role in the atheroprotective phenotype. Thus, PPARa activation by fibrate ligands 
lowers plasma triglyceride and represses apoCIII (23) and Aa-fibrinogen expression (41). The 25% 
reduction in Aa-fibrinogen transcript levels observed in thellpHSD-l '" mice is similar to the 
effect of fibrate administration and is consistent with this transcript being PPARa repressible (41). 
Since changes in Aa-transcript levels closely follow changes in plasma levels (41) we infer that the 
reduced transcript levels observed here would be likely to contribute to the overall atheroprotective 
profile of the llpHSD-l''' mouse. High fibrinogen levels are independently correlated with 
increased cardiovascular risk (37). It could be said, therefore, that the fed llpHSD-l" animals 
mimic in part the phenotype of a fibrate treated animal. 

llBHSD-1 null mice show apparently lower intracellular glucocorticoid levels and action in the 
face of elevated basal and post-stress (eg fasting) plasma corticosterone levels (16). This underlines 
the importance of regeneration of corticosterone from ll-dehydrocorticosterone in determining 



intracellular glucocorticoid effects. The lack of induction of PPARa with fasting is compatible with 
this notion, but it cannot explain the elevated fed PPARa levels. PPARa is induced by 
glucocorticoids (18) and follows a diurnal cycle that parallels the corticosterone rhythm (19). This 
implies that control of PPARa expression by glucocorticoid occurs not only in extreme conditions 
such as the stress-response to fasting but also during the normal diurnal cycle where glucocorticoid 
and insulin levels show more modest changes. One potential explanation for. elevated PPARa 
expression at the diurnal nadir (8am) in llpHSD-l^" mice is that they have subtly elevated plasma 
corticosterone levels at this time (this study: wild type 25.2±7.2nmoI/l versus 1 IpHSD-r ■ 47.5±7.8 
nmol/L, p<0.05, in good agreement with our previous reports (16, 24). This results from somewhat 
impaired negative feedback upon the HPA axis normally amplified by lipHSD-1 (16, 21). 
Interestingly, llp-HSD-l''' mice show a reduced intracellular glucocorticoid response in brain in 
the face of an exaggerated stress-mediated increase in plasma corticosterone (42 J.Y. C.K. personal 
communication?). This would imply that liver gene expression is perhaps less sensitive to the 
exquisite regulation of gene expression mediated by 1 1 pHSD-1 in the brain and is more sensitive to 
the prevailing plasma corticosterone levels. However, levels of the glucocorticoid-sensitive hepatic 
binding protein CBG and liver GR binding are similar (24) in ad lib fed llpHSD-1^' mice and wild 
type mice in the morning. The lack of down-regulation of GR (43) and CBG (44) in llpHSD-l" 
liver, in the face of elevated plasma corticosterone levels indicate that effective glucocorticoid 
action within the liver is indeed attenuated, suggesting that factors other than merely plasma 
corticosterone concentrations are responsible for the increased hepatic PPARa expression. PPARa 
is regulated by myriad factors including other steroids (45), lipids (46), retinoids (47) and hormones 
(48), including insulin as shown in the present study. The precise determinants of elevated basal 
PPARa in this model of chronic subtle glucocorticoid depletion in the liver remain to be 
determined. 

It is also clear that PPARa and GR have overlapping and sometimes opposing actions on target 
promoters. For example, fibrinogen levels are positively regulated by glucocorticoids (36, 49) and 
negatively regulated by PPARa (41). Similarly, apolipoprotein AI is induced by glucocorticoids 
(50) whereas in mice apoAI (23), and apoAII ( ) levels are repressed by PPARa. Our observation of 
elevated ApoAI transcript levels in fed llpHSD-r'" mice could imply that the apoAI promoter is 
more sensitive to glucocorticoid-mediated induction than to PPARa-mediated repression. For some 
promoters the GR effect seems to predominate, for others PPARa. Alternatively, since insulin is 
known to positively regulate the apoAI promoter (Murao et al., 1998), increased insulin sensitivity 
in llpHSD-l"'" liver mice may also explain the discrepancy in gene expression observed. Further 
work will be necessary to determine the underlying mechanism for the apoAI expression pattern. 
However we would expect that since this component of the HDL reverse cholesterol transport 
system is negatively correlated with cardiovascular risk () that elevated levels could contribute to 
the overall atheroprotective profile of 1 IpHSD-l'^* mice. 

Among the physiological roles of glucocorticoids is the adaptation of animals to prolonged nutrient 
deprivation. During this response, elevated glucocorticoid levels drive increased hepatic glucose 
production and fatty acid oxidation whilst concomitantly facilitating adipose tissue lipol^sis to 
provide the fatty acids and glycerol required by the liver. In the fasted state, 116-HSD-l " mice 
show attenuation of glucocorticoid-sensitive gene expression. PPARa and apoAI show attenuated 
induction whereas GPAT exhibits an attenuated fasting repression. These results are in agreement 
with previous findings on attenuation of glucocorticoid-inducible glucose metabolism in UB-HSD- 
r'- mice (Kotelevtsev et al., 1997). This implies that the null mice have a relative lack of 
intracellular glucocorticoid during fasting or stress. Despite this attenuated induction, the mice 
q)pear to be capable of maintaining their hepatic fatty acid oxidation system over a 24 hour fast. 
Thus, despite an abolished fasting induction of PPARa inllB-HSD-l-'- mice, a major rate limiting 
enzyme in mitochondrial oxidation (CPT-I) appears to be normally induced, and fasting plasma 
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glucose levels are not significantly lower than wild type animals. This is in contrast to findings in 
fasted PPARa null mice which exhibit profound hypoglycaemia upon prolonged fasting (Kersten et 
al., 1999, Leone et al., 1999). There is relatively pronounced lipid accumulation in llpHSD-1''" 
liver on fasting, reminiscent of the fatty liver observed in fasted PPARa nxxll mice (Kersten et al., 
1999, Leone et al., 1999). However, lipid accumulation seems to resolve in 1 IB-HSD-l"'" mice upon 
re-feeding. Whether lipid accumulation is due to blunted PPARa-driven increases in fatty acid 
oxidation, as in fasted PPARa knockout mice, remains to be determined. Indeed, whilst PPARa 
may regidate CPT-I levels in the ad lib state (Yu et al., 1998), fast-mediated induction of CPT-I is 
unaffected in PPARa knockout mice (Le May et al., 2000) implying that this process is 
independent of the transcription factor. An alternative explanation could come from our observation 
of attenuated glucocorticoid-mediated fasting repression of the lipid esterification enzyme GPAT. 
Elevated levels of such a rate limiting enzyme in the lipid synthesis pathway could contribute to the 
lipid accumulation observed. Indeed, raised GPAT levels may also partly account for the lower fold 
reduction in plasma triglyceride on fasting in null mice compared to wild type. Since GPAT is 
insulin-mducible, this fmding is also consistent with the growing evidence that lipHSD-1"^* liver is 
more sensitive than wild type to even the extremely low insulin levels found during fasting. The 
PPARa-sensitive AGO and UCP-2 transcripts show attenuated induction with fasting and may 
reflect the relatively greater sensitivity of these promoters, compared to that of CPT-I, to PPARa 
regulation on fasting. Partial induction of downstream target genes by PPARa in the face of a blunt 
fasting increase in PPARa levels could mean that activation of the aheady elevated llpHSD-l"" 
levels of PPARa within a 24-hour fasting period is sufficient to promote an adaptive metabolic 
response in UpHSD-l^' mice. This is a possibility since endogenous fatty acids activate PPARa 
(Forman et al., 1997) and there is an increased provision of fatty acid to the liver during a fast. 
Alternatively, other processes may elevate expression of the oxidative enzymes during fasting (Le 
Mayetal., 2000). 

Re-feeding after a fast is characterised by a pronovmced insulin-mediated overshoot in liver gene 
expression of enzymes in the lipogenic pathways and repression of oxidative processes. We have 
used this as a measure of hepatic insulin sensitivity. llpHSD-l"'" mice clearly have increased 
hepatic insulin sensitivity since on refeeding there is an exaggerated suppression (CPT-I, UCP-2) or 
induction (SREBP-lc, FAS, GPAT, HMGCoA-R) of transcript levels for oxidative and lipogenic 
enzymes, respectively. Pronounced induction of the lipogenic pathway (SREBP-lc, FAS and 
GPAT) combined with an exaggerated repression of oxidative lipid metabolism (CPT-I, UCP-2) 
upon re-feeding after fast may also account for the rapid return of triglycerides to ad lib fed values 
by 4h and the overshoot of plasma triglycerides seen at the 24 hour re-feeding period in llpHSD-l' 
mice. The contention of increased insulin sensitivity is supported by intraperitoneal glucose 
tolerance tests that show l lpHSD-l''" mice have improved glycaemic control. However, muscle is 
the major post-prandial site of glucose disposal, and it is unclear whether improved insulin 
sensitivity in the liver of the llpHSD-l''" mice can account entirely for the improved glucose 
tolerance. Direct studies on lipHSD-l''' mouse muscle are required to address this issue. Clearly, 
since insulin resistance is one of the major underlying mechanisms ascribed to the pathogenic 
development of the metabolic syndrome, demonstration of increased hepatic insulin sensitivity and 
improved glucose tolerance can be interpreted as beneficial. 

Mice with a targeted disruption in the gene encoding the lipHSD-1 enzyme represents a model 
animal that lacks a crucial intracellular glucocorticoid re-amplifying mechanism. 1 IpHSD-l" mice 
resist hyperglycaemia upon stress and obesity () and have a favourable metabolic and lipidaemic 
profile due to altered expression and activity of liver proteins. However, UpHSD-l is also 
expressed m other tissues such as fat and brain, important sites regulating lipid and nutrient 
homeostasis. llpHSD-1 may also, therefore, modulate glucocorticoid action on central energy 



balance as well as peripheral fat storage, insulin action and glucose tolerance. These effects cannot 
be ruled out as having a bearing on the lipid profile, in combination with the hepatic effects of 
1 ipHSD-1 knockout on lipid metabolism described here. Nevertheless, the improved fed and re-fed 
metabolic profiles in the 116HSD-1 null mice suggest inhibitors of this enzyme may have 
favourable effects on several cardiovascular risk factors. This is particularly pertinent as the 
expression of the enzyme in liver was unaffected by the dietary manipulations in vivo, suggesting 
that the putative drug target is maintained. Further, a combination of an 1 ipHSD-1 inhibitor and a 
fibrate could represent an extremely powerful therapeutic strategy for treating dyslipidaemias, 
glucose intolerance and hyperfibrinogenaemia. 
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Figure legends 

Figure I. A. Triglyceride levels in wild type (solid bars) versus 1 ipHSD-l"'" (open bars) animals 
subjected to dietary manipulation: AL; ad lib fed, F; 24h fasted, 4RF; 24h fast with 4h re-feed and 
24RF; 24h fast with 24h re-feed. B. Representative true triglyceride FPLC profile firom ad lib fed 
wild type () and 1 ipHSD-1^" mice. 

Figure 2. A. Total cholesterol levels in wild type (solid bars) versus lipHSD-1^" (open bars) 
animals subjected to dietary manipulation: AL; ad lib fed, F; 24h fasted, 4RF; 24h fast with 4h re- 
feed and 24Rr; 24h fast with 24h re-feed. B. HDL cholesterol levels in wild type (solid bars) 
versus llpHSD-l''" (open bars) animals subjected to dietary manipulation: AL; ad lib fed, F; 24h 
fasted, 4RF; 24h fast with 4h re-feed and 24RF; 24h fast with 24h re-feed. , 
Figure 3. Transcript levels of proteins of the lipogenic (A-Q and cholesterol biosynthesis pathways 
(D) in livers of wild type (soHd bars) versus lipHSD-1''' (open bars) animals subjected to dietary 
manipulation: AL; ad lib fed, F; 24h fasted, 4RF; 24h fast with 4h re-feed and 24RF; 24h fast with 
24h re-feed; Transcript levels were analysed by northern blot as described in Materials and 
Methods. A. Fatty acid synthase tamscript levels. 5. Glycerolphosphate acyl transferase transcript 
levels. C. Sterol regulatory element binding protein-lc transcript levels. D. Hydroxy-methyl- 
glutaryl CoA synthase transcript levels. Transcript levels were corrected for RNA loading by using 
a cDNA probe for the Ul small ribonucleoprotein. 

Figure 4. Transcript levels of proteins in the fatty acid oxidation pathway in livers of wild type 
(solid bars) versus llpHSD-l''" (open bars) animals subjected to dietary manipulation: AL; ad Hb 
fed, F; 24h fasted, 4RF; 24h fast witii 4h re-feed and 24RF; 24h fast Mdth 24h re-feed. Transcript 
levels' were analysed by northem blot as described in Materials and Methods. A. 
Camitinepahnitoyltransferase-I (CPT-I) transcript levels. B. Acyl coA oxidase transcript levels. C. 
Uncoupling protein-2 transcript levels. D. Peroxisome proliferator-activated receptor-a transcript 
levels. Transcript levels were corrected for RNA loading by using a cDNA probe for the Ul small 
ribonucleoprotein. 

Figure 5. Transcript levels for glucocorticoid-sensitive markers of cardiovascular risk in livers of 
wild type (solid bars) versus lipHSD-l"'' (open bars) animals subjected to: AL; ad lib feeding or F; 
a 24h fast. Transcript levels were analysed by northem blot as described in Materials and Methods. 

A. The HDL component apolipoproteinAI transcript levels. B. Independent cardiovascular risk 
factor, Aa-fibrinogen, transcript levels. Transcript levels were corrected for RNA loading by using 
a cDNA probe for the Ul small ribonucleoprotein. 

Figure 6. Oil red O histology of liver sections of wild type (solid bars) versus llpHSD-l''' (open 
bars) animals subjected to dietary manipulation: AL; ad lib fed, F; 24h fast. Liver sections (20ym) 
were stained with Oil red O as described in Experimental Procedures. A. wild type ad lib fed liver. 

B. wild type liver after 24h fast C. 1 1 pHSD-1"'" ad lib fed liver J), 1 1 pHSD-l''- liver after 24h fast. 

Figure 7. Transcript and activity levels of 1 1 pHSD-1 in livers of wild type animals subjected to 
dietary manipulation: AL; ad lib fed, F; 24h fasted, 4RF; 24h fast with 4h re-feed and 24RF; 24h 
fast with 24h re-feed. Transcript levels were analysed by northem blot as described in Materials and 
Methods. Activity levels were determined in homogenates of liver as described in Materials and 
Methods. A llpHSD-1 transcriptlevels.fi. llpHSD-1 Activity. 

Figure 8. Intraperitoneal glucose tolerance test in overnight fasted wild type (sohd circles) versus 
I IpHSD-l "'" mice (open squares). 
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Hp-Hydroxysteroid dehydrogenase (11^-HSD) catalyzes the 
conversion of the glucocorticoid corticosterone (Cortisol in hu- 
mans) to inert 11-dehydrocorticosterone (cortisone). 1ip-HSD 
activity is present in the hippocampus, where it is induced by 
glucocorticoids and stress in vivo, prompting suggestions that 
the enzyme may attenuate the deleterious effects of chronic 
glucocorticoid excess on neuronal function and survival. Two 
isoforms exist: 11J3-HSD1, a bidirectional NADPH-dependent 
enzyme, and 11^-HSD2, an NAD*-dependent exclusive 110- 
dehydrogenase (corticosterone-inactlvating enzyme). In this 
study, lip-HSDI activity and mRNA synthesis were demon- 
strated in primary fetal hippocampal cell cultures. Unexpect- 
edly, the reaction direction in intact hippocampal cells was 
1 1 ^-reduction (reactivation of inert 1 1 -dehydrocorticosterone), 
although homogenizatlon revealed that the enzyme was capa- 
ble of lljB-dehydrogenation when removed from its normal 
cellular context. Dexamethasone (IC^ m) increased 110-HSD 



activity in homogenates of hippocampal cultures (102% in- 
crease). In intact hippocampal cells, dexamethasone in- 
duced llpreductase, not dehydrogenase. To determine the 
functional relevance of hippocampal 1 1 /3-reductase, glu- 
cocorticoid potentiation of kainic acid neurotoxicity was ex- 
amined. Pretreatment of hippocampal cells with corticosterone 
reduced survival on kalnate exposure. Hippocampal cell 110- 
HSD activity was potently inhibited by carbenoxolone. Carben- 
oxolone had no effect on cell survival after kalnate alone and did 
not alter the effect of corticosterone. 1 1 -Dehydrocorticosterone 
also potentiated kalnate neurotoxicity; this effect was lost, how- 
ever, if 110-HSD was inhibited with cart^enoxolone. Thus, hip- 
pocampal 1 1 0-HSD seems to be a functional 1 1 /3-reductase in 
intact cells. Measures to attenuate hippocampal 1 10-reductase 
may reduce neuronal vulnerability to glucocorticoid toxicity. 

Key words: NADPH; dexamBthasone; glucocorticoids; car- 
benoxoione; corticosterone: l<ainic acid 



110-Hydro3^teroid dehydrogenase (110-HSD) catalyzes the con- 
version of physiological glucocorticoids (corticosterone, Cortisol) 
to inert 11-keto derivatives (ll-dehydrocorticosterone, cortisone) 
(Monder and White, 1993). In vivo, 11/3-HSD ensures selective 
access of aldosterone over corticosterone to mineralocorticoid 
receptors (MRs) in the distal nephron (Edwards et al., 1988; 
Fonder et aL, 1988); MRs are otheiwise nc.5selective and bind 
corticosterone with similar affinity to aldosterone in vitro (Arriza 
et al., 1987, 1988), When 11)3-HSD is congenitally absent or 
inhibited by licorice (or its derivative carbenoxolone), glucocorti- 
coids illicitly occupy renal MRs, causing sodium retention and 
hypertension (Stewart et al., 1987, 1988, 1990). 

Glucocorticoids, which are released from the adrenal cortex in 
response to circadian or stress-induced activation of the hypo- 
thalamic-pituitary-adrenal axis, subserve many roles in ho- 
meostasis and the response to stress. The brain is a key target for 
glucocorticoid action, which is mediated via both MRs and lower 
affinity glucocorticoid receptors (McEwen et aL, 1986a; de Kloet, 
1991; Seckl and Olsson, 1995). The hippocampus expresses a 
higher density of MRs than does the kidney, but these sites are 
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occupied by corticosterone in vivo (de Kloet et al., 1975; Reul and 
de Kloet, 1985; McEwen et al., 1986a; de Kloet, 1991), suggesting 
that 11)3-HSD is absent. However, several recent studies have 
demonstrated 11/3-HSD activity, immunoreactivity, and mRNA 
expression in hippocampal cells (neurons) (Moisan et al, 1990; 
Lakshmi et al., 1991; Sakai et al,, 1992), raising the possibility of 
an aldosterone-selective subset of hippocampal MRs (Moisan et 
al^ 1990). Indeed, some data suggest that a proportion of hip- 
pocampal aldosterone binding is not readily displaced by cortico- 
sterone (McEwen et al., 1986b) and that not all functions of 
aldosterone and corticosterone in the hippocampus are identical 
(de Kloet et al., 1983). Administration of 110-HSD inhibitors 
alters functional activity in the hippocampus in vivo (Seek! et al., 
1991), although the mechanisms underpinning this effect are 
obscure. Hippocampal 110-HSD is Induced by chronic glucocor* 
ticoid excess or stress (Low et al, 1994b). Because chronic glu- 
cocorticoid excess exerts well documented deleterious actions on 
hippocampal cell function and ^survival (Landfield et al., 1978; 
Sapolsky et al., 1985. 1986; Sapolsky, 1992), it has been postulated 
that such induction of 11^-HSD is protective (Monder, 1991; Low 
et al., 1994b; Seckl and Olsson, 1995). Nevertheless, the presence 
of llp-HSD activity in the hippocampus contradicts a majority of 
data, which indicate nonselective MRs at this site. 

Recently, it has become apparent that there are at least two 
distinct 11/3-HSD isoforms (Seckl, 1993). Target organs for aldos- 
terone and the placenta express a high-afiftnity, NAD^-dependent 
enzyme (11^HSD2), which is an exclusive ll^-dehydrogenase 
(corticasterone inactivating enzyme) (Brown et al,, 1993; Albiston 
et al, 1994). In contrast, the liver-derived isoform (Iip-HSDl) is 
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a lower-affinity, NADP^yNADPH-dependent enzyme (Lakshmi 
and Mender, 1988; Agarwal el al., ' 1989). Expression of 
llp-HSDl cDNA in a range of cell lines encodes cilhcr a bidirec- 
tional enzyme (Agarwal et al, 1989) or a predominant 
lij3-reductase (Duperrex et al, 1993; Low et a!., 1994a). 
110-Reductase activity, best observed in iniact cells, activates 
11-dehydrocorticosterone to alter target gene transcription and 
differentiated cell function (Duperrex et al., 1993; Low et al,, 
1994b). In homogenates of hippocampus, both dehydrogenation 
and reduction occur (Lakshmi et al., 1991), but the reaction 
direction in intact cells is imknown. We therefore have examined 
110-HSD activity and its function in primaiy cultures of fetal 
hippocampal cells. 

MATERIALS AND METHODS 

Ctll culture media were obtained from Gibco (Paisley. UK); corticoste- 
rone (B), ll-dehydrocorticosterone (A), poly-o-lysine, insulin, apo- trans- 
ferrin, putrescine, sodium selenite, and progesterone were obtained from 
Sigma (Poole, UK). Tissue culture plastics were from Costar UK Ltd 
(High Wycombe, Bucks, UK). pHl-l,2,6,7-Corticosterone (pH]B; - 72 
Ci/mmol) was obtained from Amersham International (Aylesbury, Bucks, 
UK), f H]ll-Dehydrocorf'i:osterone (pH]A) was prepared by incubating 
[ H]B with human placental extract, a concentrated source of 110- 
dehydrogenase (11/J-HSD2), as described previously (Low et al., 1994a). 
Purity was typically >99%, monitored on HPLC 

Frimary hippocampal neuronal cultuft. The cell cultures were prepared 
according to a method derived from Mitchell et al. (1990). The medium 
(pH 7.3) conUined DMEM with Glutamax-I (0.086%), 10% fetal bovine 
serum (FBS) or donor horse serum (DHS), 15 mM HEPES. 100 lU/ml 
penicillin, and 100 Mg/ml streptomycin and glucose increased to 0.2%. 
Day 18 fetuses were removed by laparatomy, and the hippocampi were 
dissected into HBSS containing 15 mM HEPES, pH 7.4, The cells were 
incubated in tiypsin-EDTA for 20 min, washed, and mechanically disso- 
ciated by trituration. Cells were seeded at a density of 0.8-1.0 X 10* 
cells/ml of medium and plated on 35 mm Petri dishes previously coated 
with 0.025 mg/ml poly-D-lysinc. The cells were cultured in a water- 
saturated atmosphere at 3rc. 10% CO2, for 3 d in the presence of serum, 
and then changed to defined (serum-free) medium (DMEM-FIZ contain- 
ing Glutaroax-L 10 Mg/ml insidin, 100 /tg^il transferrin, 60 ^ putrescine, 
20 nM sodium selenite, 20 nM progesterone, 100 lU/ml penicUlin, and 100 
Mg/ml streptomycin). The cells were maintained in this medium for 5 d 
with one-third of the medium changed eveiy 3 d until experimenution. 
Under these conditions, the cultures contained 60-80% neurons with glia 
forming the remainder, as determined by immunostaining of specimen 
cultures with antisera to glial fibriUaiy axial protein and neuron-specific 
enolase. 

n^'HSD activity. 11/3-Reductase and ll^-dehydrogenase activity were 
determined in intact primaiy hippocampal cells by the addition of 25 nM 
['H]A or [^H]B to the medium* as described previously (Low et al., 
1994a). Aliquots of the culture medium were removed at intervals over 24 
hr and put into ethyl acetate; the steroids were extracted, dried under Nj, 
and suspended in 100 ml of ethanol containing 2.5 mg/ml cold A and b! 
Steroids were separated by thin^ayer chromatography (TLC) in chloro- 
form/95% ethanol (92:8), and bands were visualized under ultraviolet 
light and scraped into scintillation vials containing 3 ml of liquid scintil- 
lant (CocktaU T, BDH, Lutterworth, UK). The radioactivity in each 
fraction was determined, and enzyme activity was expressed as the per- 
centage conversion to reaction produa (Low et al., 1994a). Blanks, 
^H-labclcd steroids incubated in medium on dishes without cells and 
extracted as above, were subtracted. 

llp-Reductase and n/3-dchydrogenase activity also were determined 
in homogenates of cultured hippocampal cells, broadly as described 
previously (Moisan et al., 1990; Low et aL, 1994a). Cells were washed with 
PBS and homogenized in Buffer C [20 mM tricine, 1.07 mM 
(MgC03)yMg(OH)2'5HA 2.67 mM MgS04, 0.1 mM EDTA. 33 J mM 
DTT, and 0.2 mg/ml coenzyme AJ containing 0.1% Triton X-100. Protein 
was measured by Bradford's method (Bio-Rad protein assay kit, Bio-Rad, 
Hcmcl Hempstead, UK). Preliminaiy studies established conditions such 
that the amount of protein added was within the linear portion of the 
relationship between protein concentration and percentage substrate 
conversion. Thus, an aliquot of hippocampal cell homogenate (typically 
64 /ig protein/ml) was incubated at 37'C for 60 rain with 10 nM ['H]B 



(lip-dehydrogenase) or [^HJA (1 1/5-reductase), 400 NADP* or 
NADPH, and PBS to a total volume of 50 pd. Steroids were extracted and 
separated by TLC. and en2^me activity was calculated. Blanks were 
subtracted. 

ll^HSD mRMA analysis. Expression of 110*HSD1 and 11/5-HSD2 
mRNA was determined by PCR. In brief, total RNA was extracted from 
cell homogenates with guanidinium thiocyanate (Chomczynski and Sac- 
chi, 1987), One microgram of RNA was subjected to reverse transcription 
in a total volume of 20 yX using the Promcga Reverse transcription kit 
(Promega, Southampton, UK). A 2 /tl aliquot of the reverse transcription 
reaction was used in the PCR reaction after denaturaiion at 96X for 10 
min. The PCR mix contained IJ mM MgQi, 40 ^m dNTPs, 20 pmol of 
each primer, and 2.5 U of Taq DNA polymerase in a tinal volume of 50 
pX. The primer pairs for 1 ip-HSDl were 869P (5'-AAAGCTTGTCACA/ 
TGGGGCCAGCAAA-3'), corresponding to nucleotides 178-207 of rat 
np-HSDl cDNA and 868P (5'-AGGATCCAG/AAGCAAACTTGCT- 
TGCA-3'), complementary to nucleotides 648-628 of rat 11^-HSDl 
cDNA The primer pairs for 110-HSD2 were P2520 (5'-CAATGCTG- 
GCCTCAACATGGT-3'), corresponding to nucleotides 624-644 of the 
rat 113-HSD2 cDNA and P2521 (S'-GGTCCTGGGTTGTGTCAT- 
GAA-3'), complementary to nucleotides 1297-1277 of the rat 110-HSD2 
cDNA sequence (Zhou et al., 1995). Both sets of primers span intron 
sequences to distinguish DNA products (>4 kb for lljS-HSDl, --0,93 kb 
for 11/3-HSD2) from mRNA products (0.43 kb for lip-HSDl, 0.63 kb for 
11P*HSD2). The PCR conditions were 30 cycles of 96*C for 30 sec, 50'C 
for 45 sec, and 72''C for 90 sec, followed by extension at 72*C for 10 mir- 

Modulation ofllfi-HSD activity in primary hippocampal cells. To deter- 
mine whether lip-HSD activity in intact hippocampal cells was inhibited 
by licorice derivatives, cultures were pretreated with carbenoxolone 
(10"^ m) for 24 hr, and emTme activity in 11^-reductase and 
lip-dehydrogenase directions was estimated, as above. Glucocorticoid 
effects on enzyme activity were determined by preincubation of cultured 
hippocampal cells with dexamethasone (10"' m) for 72 hr before enzyme 
measurement in intact cells after 8 hr incubation with ^H-labeled steroids 
(a period chosen to reflect submaxiraal 11/3-reductasc and detectable 
110-dehydrogenase aaivities). 

Effects of llfi-HSD on hippocampal cell vulnerability to kainate toxicity. 
To determine the functional relevance of 110-HSD activity in primary 
cultures of hippocampal cells, the effects of corticosterone and 1 1-dehy- 
drocorticosteronc in the presence or absence of carbenoxolone on cell 
survival in response to kainic acid stimulation were determined, as 
described previously (Sapolsky, 1986; Packan and Sapolsky, 1990). In 
brief, cells were cultured as described above, but in the presence of 2% 
FBS to improve cell survival in the presence of kainic acid. This did not 
alter the predominant 11/3-reduction in intact hippocarnpal cells or affect 
enzyme activity levels: corticosteroid levels are <10~^^M in FBS (S.C. 
Low and J. R. Seckl, unpublished observations.) Plates of cells were 
pre -exposed to 11-dehydrocortioosterone (10'^ m) or corticosterone 
(10"^ m) in the presence or absence of carbenoxolone (10'^ m) for 24 hr. 
Controls induded cultures exposed to carbenoxolone alone and cultures 
to which nothing was added. All cells then received kainic acid (10~^ m). 
After 48 hr, cells were washed in PBS, scraped into 1.2 ml of potassium 
phosphate buffer, pH 7.5, containing 0J% Triton X-100, and lactote 
dehydrogenase activity was determined, using a kit (Sigma) according to 
the instructions of the manufacturer, as a measure of cell survival (Sapol- 
sky, 1986; Packan and Sapolsky, 1990). Control plates that were not 
exposed to steroid or carbenoxolone were taken to represent 100% 
survival, and blanks represented 0% survival 

Statistics, Three to eight plates of cells were used for eadi data point. 
Data were assessed by ANOVA followed by Newman-Keuls post hoc test 
or Student's t tests, where appropriate. Significance was set at p < 0.05. 
Values are mean ± SEM. 

REiSULTS 

In cultured hippocampal cells 

Primaiy fetal hippocampal cell cultures showed clear 11J3-HSD 
activity in cell homogenates. NADP"^ -dependent 11/5-dehydroge- 
nasc and NADPH-dcpendenl 11/3-reductase activity was clearly 
detectable after 1 hr incubation (Fig. 1). NAD "-dependent activ- 
ity was only just above basal enzyme activity (with no added 
cosubstrate; Fig. 1). PCR analysis showed clear expression of 
llj3.HSDl mRNA, but no detectable expression of 11P-HSD2 
mRNA (Fig. 2). Northern analysis showed only one hybridizing 
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Figure 1. Cosubstrate dependence and reaction direction of ll^-HSD in 
homogenates of cultured primary hippocampal cells. Cosubstrates were 
added at 400 /am. Note the predominant NADP'^/NADPH-dcpendent 
reaction, typical of ll/B-HSDl, and the obvious bidirectional activity in 
homogenates. ♦p < 0.05 and ♦♦♦p < 0.0001 compared with the appropri- 
ate control without exogenous cosubstrate. 



species of 11^-HSDl transcript, identical in size to the transcript 
in rat liver {data not shown), coofinning previous studies of 
11^-HSDl transcripts in adult and fetal rat hippocampus in vivo 
(Moisan et al.. 1990, 1992; Low et al, 1994b)- 

In contrast, predominant ll^-reduction was found (Fig. 3) in 
intact hippocampal cells, with clearly detectable conversion of 
inert 11-dehydrocorticosterone to corticosterone within 30 min of 
addition of steroid, and 78% conversion after 24 hr. This repre- 
sented plateau activity because no further conversion occurred 
after 48 hr incubation with pH]A (data not shown). 
lljS-Dehydrogenase activity only became detectable after 8 hr 
incubation with [^H]B (4 ± 1% conversion) and reached a mere 
6.5 ± 1% conversion at 24 hr (Fig. 3). Pretrcatment of cultures 
with the UP-HSD inhibitor carbenoxolone (10'* m) almost com- 
pletely inhibited enzyme activity in intact hippocampal cells in 
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fig«re 2 Presence of 11)5-HSD1 mRNA in cultured primary hippocam- 
pal cells. Total RNA from ll-d-old cultures was subjected to reverse 
transcription followed by PCR using primers specific for llj3-HSDl and 
Ili3-HSD1 Lane I, Negative control (C); lane 2, positive control kidney 
RNA {K]\ lane i, hippocampal cell culture RNA (H); lane 4, negative 
control (C); lane 5, positive control kidney RNA {K); and lane 6, hip- 
pocampal cell culture RNA (H). M indicates marker lanes. Reactions in 
lanes 1, Z and 3 contained Ilj3-HSD1 -specific primers, and lanes 4, 5, and 
6 contained lip-HSD2-specific primers. Note the presence of a band in 
lane 3 corresponding to hippocampal 11)5-HSD1. The band in bnes 5 and 
6 migrating at -0.9 kb corresponda to DNA-gencratcd PCR product (sec 
Results). 




reductase 
dehydrogenase 
-<>•• redueta$e4>CBX' 



Figure 3. Reaction direction of 113-HSD in intact primary hippocampal 
cells in vitro, [^HJCorticosterone or [^H]ll-dehydrocorticosterone was 
added to the culture medium, and [^H]corticosteroids in the medium were 
assayed at intervals. Note the predominant lip-reduction in intact hip- 
pocampal cells. Carbenoxolone (CBX; 10"* m) inhibits the reaction. *p < 
0.01 for llp-reductase activity compared with either catbenoxolone-inhib- 
itcd 110 reductase or ll^-dcbydrogenasc at the same time point. 



both 11^-reductase (Fig. 3) and 11/3-dehydrogenase (data not 
shown) directions. 

Glucocorticoid modulation of hippocampal cell 
lljS-HSD activity 

Treatment of primary hippocampal cell cultures with dexameth- 
asonc (lO""*^ M) for 72 hr increased U^-HSD activity in cell 
homogenates (102% increase in 11 ^dehydrogenase, 72% in- 
crease in llJ3-reductase). In intact cells, this was exclusively an 
increase in ll|3-reductase aaivity (by 43%), with no alteration in 
dehydrogenation detected (Fig. 4). 

Effect of 110-HSD on hippocampal cell survival in the 
presence of kainic acid 

Preliminary experiments showed that both 10^^ and 10'^ m 
corticosterone potentiated kainic add-mediated neurotoxicity, 
but this was coiisiderably more apparent with the higher dose 
(data not shown). We therefore used the 10*"^ m dose to study the 
effect of 11/3-HSD in these cells. In the presence of corticosterone, 
kainic acid exerted significantly greater neurotoxicity than did 
kainic acid alone (Fig. 5), confirming previous studies (Sapolsky, 
1986; Packan and Sapolslqr, 1990). Carbenoxolone (10~^ m) did 
not alter the effect of corticosterone (10"^ m) on hippocampal cell 
loss in the presence of corticosterone, nor did 10~^ m carbenox- 
olone alone affect cell loss in the face of kainic acid stimulation 
(Fig. 5). ll-Dehydrocorticosterone (10 ^ m) also potentiated 
kainic acid neurotoxicity and was at least as potent in this action 
as corticosterone (Fig. 5). However, inhibition of lljS-HSD with 
carbenoxolone (10^^ m) abolished the cytotoxic potentiating ef- 
fects of 11-dehydrocorticosterone in hippocampal cultures. 

DISCUSSION 

These studies clearly demonstrate 11J3-HSD activity in primary 
hippocampal cell cultures. A majority of the cultured cells were 
neurons, and it seems likely that the activity, taken together with 
previous immunocytochemical and in situ hybridization data 
showing a predominant neuronal localization of ll^-HSD in 
several brain regions in vivo (Moisan et aL, 1990; Sakai et al, 
1992), reflects 11/3-HSD largely in neurons in the fetal hippocam- 
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Figure 4. Effect of dcxamcthasonc 
pO*' M for 72 hr) on 1 1 ^-HSD activity 
in intact primary hippocampal cells 
and cell homogenates (inset). Note 
that dexametbasone induces hip- 
pocampal cell lip-HSD activity in 
vitro, but the reaction is ll^-reduction 
in intact cells. *p < 0.05 compared 
with control. 
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pal cultures, 110-HSD activity was detectable in culture for more 
than 8 d, suggesting that it is stable under the conditions that were 
used. In intact hippocampal cells, lip-reduction was clearly the 
predominant reaction direction. Dehydrogenatipn was barely de- 
tectable in intact hippocampal cells, and at the 8 hr time point at 
which lip-dehydrogenation became detectable and ll^-reduc- 
tion had not reached plateau values, the ratio of reduction to 
dehydrogenation was 11.5:1. Few previous studies have addressed 
the reaction direction of lljS-HSD in brain in vjvo. Those reported 
have used peripheral injection of radiolabeled glucocorticoids and 
have examined the concentrations of 11-hydroxy to 11-keto prod- 
ucts in target tissues (Burton and Tufnell, 1967): Uptake into the 
brain is low using such approaches, and in any event the data are 
complicated by peripheral conversion of steroids before entry into 
the brain, which largely reflects the balance of 11 ^-reduction in 
the liver and lljS-dehydrogenation in the kidney. No studies have 
examined llj3-reduction in brain in vivo, and indeed it is difficult 
to envisage satisfactory experiiriental protocols to overcome pe- 
ripheral iriterconversion of cortiooids without their direct infiision 
into the central nervous systeln. 

In contrast, in homogenates of hippocampal cells, 11/3-dehy- 
drogenase was readily detectable and indeed exceeded 11/3-reduc- 
tase activity. This confirms studies in homogenates of hippocam- 
pus in vivo, which show both dehydrogenation and reduction 
reactions (Lakshmi et al., 1991; Seek] et al., 1993). The basis for 
the discrepancy between predominant reduction in intact cells and 
dehydrogenation in homogenates of these cells is unclear but not 
unique to the hippocampus. Thus, transfection of COS? cells vrith 
an expression plasmid encoding 11^-HSDl produces exclusively 
llp-reductase activity in intact cells, but potent dehydrogenation 
is revealed when the transfected cells:are homogenized (Low et 
al., 1994a). Reaction direction has been suggested to be deter- 
mined by the glycosylation status of the enzyme or the tissue 
cosubstrate condition (Agaiwal et al., 1990; Monder and White, 
1993). Variations in glycosylation cannot explain near-exclusive 
reduction in intact hippocampal cells when dehydrogenation pre- 
dominates immediately after these cells are homogenized. More- 
over, any variations in NADP'^/NADPH ratios are unlikely to be 
suflBcient to account for the dramatic change in reaction direction 
observed, and even gross changes in these ratios in intact ceUs 



1 1 ^-dehydrogenase 



have little effect on reaction direction of ll^-HSDl, at least in the 
liver (Jamieson et al., 1995). Thus, it seems more likely that the 
subcellular context of the enzyme determines the reaction direc- 
tion, with homogenization disrupting this. Whether or not the 
reductase component is unstable in homogenates, it is clear from 
these data that dehydrogenation is revealed by cellular disruption, 
but it is at most a minor reaction in intact hippocampal cells and, 
by implication, in the hippocampus in vivo. The lack of 
lip-dchydrogenalion in intact hippocampal cell cultures also con- 
curs with the nonselectivity of hippocampal MRs in vivo (de Kloet 
et al., 1975, 1991; Reul and de Kloet, 1985; McEwen et aL, 1986a). 
Whether 11/3-HSD2 (an exclusive, dehydrogenase) is present in 
the hippocampus is still debatable. Northern analysis shows no 
expression of 11^-HSD2 mRNA in whole (human) brain 
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control A A^CBX B B+CBX CBX 



Figure 5, Effect of pretreatment with corticostcrone (B\ M) and 
11-dehydrocorticosterone (A\ 10"^ m) with or without carbenoxolone 
(CBX\ 10 * m) on hippocampal cell loss after exposure to kainic acid 
(10' m). Carbenoxolone alone has no effect on cells and does not alter 
the neurotoxic potentiation of corticosterone (B vs B-^-CBX). However, 
ll-dehydrocordcosteronc {A) toxicity is prevented by carbenoxolone (/i vs 
A-^CBX), indicating that hippocampal cell 1 1/3-HSD acts as a functional 
U0-reductase in this model. V < 0-05 compared with control; V < 0 05 
compared with A alone. 
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(Albiston ct al., 1994), and in situ hybridization studies have foiled 
to find Ilj5-HSD2 mRNA in the adult rat hippocampus (Roland 
et al, 1995). In contrast, a recent PCR-based study showed 
11/3-HSD2 transcripts in adult hippocampus (Zhou et al., 1995). 
Using a similar PCR approach, however, we could not detect 
ll^-HSD2 mRNA in primary hippocampal cell cultures and, 
importantly, found little NAD'^'niependent bioactivity. Thus, hip- 
pocampal expression of this MR-protective 11/3-HSD isoform is 
probably negligible, at least in adult and late fetal life. 

Previous studies have shown that chronic glucocorticoid (dexa- 
methasone) excess or stress increase lip-HSDl mRNA txpiGs- 
sion and enzyme bioactivity (measured as dehydrogenation in 
homogenates) in the rat hippocampus (Low et al., 1994b). Be- 
cause treatment of primary hippocampal cultures with dexameth- 
asone increased 11 j3-HSD activity, it is probable that this effect of 
glucocorticoids is mediated direct^ on hippocampal neurons, and 
there is a putative glucocorticoid response element in the pro- 
moter of the rat lip-HSDl gene (Moisan et al., 1992). Moreover, 
preliminary data from transfection experiments with plasmids in 
which 11^-HSDl promoter DNA is fused to a reporter gene 
suggest that a functional glucoconicoid response element lies 
widiin 3700 base pairs of the transcription start site (KL E, Chap- 
man, M, Voice, R. Wallace, V. Lyons, and J. R. Seckl. unpub- 
lished observations). Although it has been proposed that induc- 
tion of 110-HSD in the hippocampus may protect vulnerable 
neurons from the deleterious consequences of chronic glucocor- 
ticoid excess (Monder, 1991; Low et ai:, 1994b), the activity 
induced by dexamethasone was exclusively llj^-reductase, a find- 
ing incompatible with this notion. Thus, hippocampal ll^HSD 
may potentiate rather than attenuate the neurotoxic effects of 
chronic glucocorticoid overexposure. 

To examine this further, the effects of enzyme inhibition in both 
reductase and dehydrogenase directions was determined by using 
carbenoxolone. Potentiation of kainic acid neurotoxicity with 10"^ 
and 10 ^ M corticosterone was found in primary hippocampal cell 
cultures, confirming previous studies (Sapolsky, 1986; Packan and 
Sapolsky, 1990). Although supraphysiological levels of steroids 
were used in vitro, physiological concentrations (10"'' m) are 
effective in potentiating kainic acid neurotoxicity in this system 
(Packan and Sapolsl^, 1990; and these data), although the 
changes were small during the short time course used here. In 
vivo, corticosteroid effects take many days to become manifest 
(Sapolsky et al., 1985), and we have used higher concentrations to 
amplify effects in cell cultures. That the effect of corticosterone 
was unaltered by carbenoxolone in a dose that inhibited both 
reaction directions but had no direct effect on cell survival sup- 
ports the relative lack of importance of 110-dehydrogenation in 
these ceUs. 11-Dehydrocorticosterone, which has 10^-fold lower 
affinity for receptors than does corticosterone (Ulmann et aL, 
1975; Armanini et al„ 1983), was at least as effective as cortices' 
terone in potentiating kainic acid toxicity. The functionality of 
lip-reductase was dear, inasmuch as ll-dehydrocorticosierone 
was meffective when 11/3-HSD was inhibited by carbenoxolone. 
These data support the predominant 110-reductase action of 
hippocampal Up-HSD. 

The reasons for an enzyme regenerating active glucocorticoids 
in the hippocampus are obscure. Hippocampal cells are exquis- 
itely sensitive to glucocorticoid concentrations, with granular neu- 
ronal dysfunction and possibly death in the dentate gyrus after 
adrenalectomy (Sloviter et al., 1989; Gould et al., 1990) and 
pyramidal neuronal loss in the comu ammonis with glucocorticoid 
excess (Undfield et al.. 1978; Sapolsky et aL, 1985> 1986; 
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Sapolsky, 1985, 1992; Landfield and Eldridge, 1991). In the rat, 
corticosterone levels are very low during the day but show a 
pronounced diurnal increase in the evening. The biological im- 
portance of this rhythm is unclear, but the maintenance of many 
constitutive cellular functions may require more than the minimal 
levels of circulating corticosterone that pertain during the major- 
ity of the day. Thus, local ll^-reduction may increase corticoster- 
one levels in specific tissues and, hence, 11-dehydrocorticosterone 
may form a circulating resJervoir of inert cortk»steroid for cell- 
specific actWation (the apparent absence of 11/3-HSD2 in the 
hippocampus suggests that ll-dehydrocorticosterone comes from 
the periphery rather than from local cellular production). Cer- 
tainly in humans, cortisone (the equivalent of ll-dehydrocorti- 
costerone) shows near-constant levels throughout the 24 hr pe- 
riod. Moreover, plasma concentrations of cortisone (which circu- 
lates largely unbound at -100 nmol/l) approximate or even ex- 
ceed "free** Cortisol levels, providing plentiful substrate for 11/3- 
reductase (Walker et al., 1992). Similarly, levels of 11- 
dehydrocorticosterone at -50 nmoW are found in rat plasma (R. 
Best and J. R. Secki, unpublished observations), concentrations 
well in excess of "free** corticosterone levels during the diurnal 
nadir. Such cell-specific activation of an inert circulating form is 
not unique to glucocorticoids and may be analogous to the acti- 
vation of thyroxine to tri-iodothyronine by 5'-monodeiodinase 
and testosterone to dihydrotestosterone by 5a-reductase in other 
tissues. 

Why the activity of hippocampal 1 ip-reduaase should mcrease 
with chronically elevated glucocorticoids also is unclear, because 
this seems to increase the neuron-jeopardizing effects of glucocor- 
ticoid excess. Perhaps the short- and medium-term metabolic and 
functional benefits of maximizing glucocorticoid exposure during 
stress outweigh any long-term detriments, particularly because 
potent negative feedback effects would be expected to rapidly 
attenuate glucocorticoid levels under most physiological circum- 
stances. Further determination of the importance of hippocampal 
ll^HSD acdvity will be assisted by the development of selective 
lljS-reductase inhibitors or transgenic animals lacking 11^-HSDl. 
Nevertheless, it is intriguing to speculate that measures to atten- 
uate hippocampal 1 1/3-rcductase may reduce neuronal vulnerabil- 
ity to glucocorticoid toxicity in a target-specific manner, analogous 
to the effects of long-term mainteiiance of more generalized low 
glucocorticoid levels by adrenalectomy (Landfield et al., 1978) 
or mcreasing sensitivity to glucocorticoid negative feedback 
(Sapolsky et al., 1984; Meaney et al., 1988, 1993; Seckl and Olsson, 
1995). 
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TABLE Vm 

Rsronno Casts or Appamkt Mineralocohticoid Excess (AMEI 



Patieni age* 
(yearsl 



0 1/12 (2 9/12) 

1 7/12 
9 

3 3/12 
2(4) 
17/12 . 
0 5/12 
0 9/12 (19) 
3 

3 9/12 
7 
9 
3 

21 

2 (9 4/12) 

2 6/12 (4 4/12) 
14 9/12 
2 3/13 



r 

F 

F 

M 

M 

F 

M 

M 

M 
F 
F 
F 
F 
M 
M 
M 
F 
F 
M 
M 



10.2 
>7 

9.8 
>4 
>10 
40 
15.9 
45 
.70 
15 

31^ 
13.4 
29.8 
26.9 

7.5 
13.5 

8.9 
20 

8 
129 



Blood 
pressure 
(mm Hg) 

175/115 

144/104 

180/120 

140/100 

250/180 

125/85 

140/90 

150/110 

200/100 

150/100 

170/110 

200/129 

160/120 

170/100 

200/110 

200/145 

130/90 

142/98 

130/90 



Aldosterone'' 
(ng/dl) 

1.9 
ND 
ND 
ND 
ND 

1.3 
3 

1.1 
2.4 
<0.2 

ND 



<3.4 
ND 
ND 
ND 



Citation* 

(1) 
(2) 
(3) 
(3) 
(4) 

G. PhilUpou (1978)/^ 

(5) 

(6) 

(7) 

(8) 

(9) 

(9) 

(10) 

J. S. D. Winter (1988)/' 

Pfcskovitz (1986)^ 

(11) 

(12) 

(12) 

(12) 

Wood (1992)'^ 



. D. pauent died (ape ai death); R, the adjacent pauents « . ^ The second, in parenthesis, is the 

c ^ « (THF 5aTHF)/THE. 

^ Normal range is 5 to 20 ng/dl. ND. not M.K.«,iA (19771- (4) Ulic)t tt ai, (1979); (5) Shaclcleion tt ol. (1980); 

(11) Stewart «t oi. (1988): (12) Monder et at (19861. 
Unpublished. 
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Central h5^ertensinogenic effects 

of glycyrrhizic acid and carbenoxolone 



ELISE P. GOMEZ-SANCHEZ AND CELSO E. GOMEZ-SANCHEZ 

Research Service and Department of Internal Medicine, James A Haley Veterans Hospital, and 

University of South Florida Health Science Center, Tampa, Florida 33612 



Gomez-Sanchez, Elige P., and Celso E, Gomez- 
Sanchez. Central hypertensinogenic effects of glycyrrhizic acid 
and carbenoxolone. Am. J. PhysioL 263 {Endocrinol Metab. 26): 
E1125-E1130, 1992.— The apparent mineralocorticoid excess 
sjmdrome of patients ingesting large amounts of licorice or its 
derivatives is thought to be caused by the antagonism by these 
compounds of the enzyme ll/J-hydroxysteroid dehydrogenase 
(11^-HSD). lli^-HSD inactivates Cortisol and corticosterone, 
allowing the more abundantly produced glucocorticoids access 
to the mineralocorticoid receptor (MR) in the kidney, where 
they act as mineralocorticoids. We have found that the infusion 
of both glycyrrhizic acid, an active principle of licorice, and 
carbenoxolone, a synthetic analogue, into a lateral ventricle of 
the brain [intracerebroventricular (icv)l of a rat, at a dose less 
than that which has an effect when infused subcutaneously, 
produces hypertension. Furthermore, the hypertension pro- 
duced by the oral administration of carbenoxolone or glycyr- 
rhizic acid is blocked by the icv administration of RU 28318, an 
MR antagonist, at a dose below that which has an effect on 
blood pressure when infused subcutaneously. While the oral 
administration caused saline polydipsia and polyuria typical of 
chronic systemic mineralocorticoid excess, the icv licorice de- 
rivatives produced hypertension without affecting saline appe- 
tite. Sensitizing the rats to mineralocorticoid hypertension by 
renal mass reduction and increasing salt consumption was not 
necessary for the production of hypertension. These findings 
provide additional evidence for a central role in blood pressure 
control by mineralocorticoids that is distinct from their renal 
effects. They also suggest that more is Involved in licorice- 
induced hypertension than only inhibition of 11^-HSD. 

hypertension; licorice; mineralcorticoids; RU 28318; steroid 
ll/J-hydroxysteroid dehydrogenase 

ALDOSTERONE acts through type I receptors, or miner- 
alocorticoid receptors (MR), in the kidney to produce 
sodium retention and potassium and hydrogen ion ex- 
cretion. The MR is widely distributed and is present in 
the colon, parotid, vasculature, and, in particular, spe- 
cific areas of the brain (5, 13), The affinity of isolated 
MR from various sources, including expressed MR 
cDNA in COS cells, is similar for aldosterone, corticos- 
terone, and Cortisol (3, 4, 16). MR, regardless of the 
source, are physicochemically identical (16, 32), and ap- 
pear to be a product of the same cDNA (3). Corticoster- 
one and Cortisol normally do not act as mineralocorti- 
coids in the kidney in vivo. Specificity, originally 
thought to be intrinsic to the receptor, has been shown 
to be conferred extrinsically by corticosterone/cortisol- 
brnding globulin (CBG), which reduces free circulating 
glucocorticoid available to the receptor, and by 11)3- 
hydroxysteroid dehydrogenase (iljS-HSD). ll/J-HSD 
reversibly converts corticosterone and Cortisol to the 
inactive U-dehydrocorticosterone and cortisone (7, 9, 
12). The location of the lliS-HSD enzyme has been con' 
croversial. It appears that ll^-HSD is expressed in some 
mmeralocorticoid target celb along with the MR, thus 



serving as an autocrine control, as weU as in cells prox- 
imate to MR-containing cells, serving a paracrine fiinc- 
tion (6, 9, 21, 24). 

Under normal conditions, most MR in the rat brain 
are almost fully occupied by corticosterone, while occu- 
pation of the type II receptor, or glucocorticoid receptor 
(GR), for which corticosterone has less affinity, is less 
complete and follows the circadian rhythm of glucocor- 
ticoid levels (7). It has been suggested that the occupa- 
tion of the MR in the brain, particularly in the hippo- 
campus, by corticosterone at low, physiological serum 
levels is possible because CBG does not penetrate the 
blood-brain barrier (7, 9) and because the activity of 
11^-HSD ill this organ is negligible (9, 12), However, in 
situ hybridization techniques have demonstrated the 
presence of Ilj9-HSD in the brain (19), as well as the 
kidney. Whether lli^-HSD is bioactiye in any, all, or 
only specific parts of the brain is controversial (9, 19, 
21). There are different tissue -specific forms and re- 
gional activity of the 11/9-HSD enzyme (20) that may 
account for the apparent ''glucocorticoid-selective" MR 
in some parts, particularly the hippocampus, of the 
brain, in contrast to the "aldosterone-preferring^ MR in 
the anterior hypothalamus (7, 18), Seckl et al. (27) have 
reported that ll/?-HSD inhibition by glycjnrhetinic acid 
in vivo in rats increased 2-deoxy-[^*CJgIucose use in 
those areas of the brain where 11/J-HSD mRNA expres- 
sion has been documented. Corticosterone and aldoster- 
one have different actions in some areas of the brain, 
even though both are thought to be acting with the same 
affinity and through the same receptor. Aldosterone an- 
tagonizes important central nervous sydtem (CNS) ef- 
fects of corticosterone (7, 26); corticosterone blocks the 
hypertension induced by the intracerebroventricular 
(icv) infusion of aldosterone (13, 15). 

^parent mineralocorticoid excess is a rare hyperten- 
sive syndrome in which patients have all of the mani- 
festations of excessive production of mineralocorticoids, 
including hypokalemia, but steroid measurements are 
normal or low. The defect has been identified as a defi- 
ciency in 11/3-HSD (11, 28, 30, 31). The pseudohyperal- 
dosteronism, including hypokalemia and low-renin hy- 
pertension, produced by excessive licorice consumption 
and the treatment of peptic ulcers with licorice deriva- 
tives or their synthetic analogues has been attributed to 
the inhibition of this enzyme, allowing the more abun- 
dant circulating cortisol/corticosterone access to the 
MR in the kidney (9). Licorice derivatives and the syn- 
thetic analogue carbenoxolone have been used to study 
the mechanisms responsible for the S3mdrome- of appar- 
ent mineralocorticoid excess, as well as the extrinsic 
factors conferring apparent ligand specificity to the MR 
(8, 10, 22). We herein describe studies of the central and 
. C9 NOTICE: THIS MATERIAL MAY BE PROTaOTfiD 
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systemic effects of the icv, subcutaneous (sc), and oral 
administration of glycyrrhizic acid, a derivative of lico- 
rice, and carbenoxolone, a synthetic analogue, on tiie 
blood pressure using the specific MR antagonist RU 
28318 (14) to inhibit the MR. 

METHODS 

Cannulas were placed into the right lateral cerebral ventrides 
of male outbred Sprague-Dawley rats weighing 180-200 g, usmg 
aseptic surgical technique under a combination of fentanyl and 
droperidol (hmovar-Vet, Pitman-Moore), 0.01 ml/100 g body 
wt sc, as preanesthetic and isoflurane as anesthetic. Rats re- 
ceived standard food (0,3% NaCl) and tap water or 0.9% saline 
ad libitum to amplify the hypertension as detailed below. Im- 
planted miniosmotic pumps (Alzet 2002, Alza, Palo Alto, CA), 
which delivered 0.49 ± 0.02 /il/b for 14 days, were used for icv 
and sc infeisions. Pumps were changed on day 14 under isoflu- 
rane anesthesia^ and pun4)B of the same lot were used through- 
out the experiment to ensure consistency. Carbenoxolone, RU 
28318, and corticosterone were dissolved in cerebrospinal fhiid 
(CSF) or 0.86% NaCl with 10% propyleneglycol for icv and sc 
infusion. A potassium gluconate solution that delivered the 
same amount of as the RU 28318 solution was used as 
control for the mineralocorticoid antagonist experiments (14). 
Reagents were purchased from Sigma, except for the RU 28318, 
which was a gift from Roussell (Romaineville, France). All so- 
lutions were made and sterilized by filtration through 0.2-Mm 
filters (Acrodisc 13. Gebnan Scientific) immediately before fill- 
ing and implanting the pun^)8. Oral carbenoxolone or glycyr- 
rhizic acid was administered individually twice a day as 0.1 or 
0.2 ml of a slurry mixed in com syrup that the rats accepted 
readily. Indirect systolic blood pressures (IITC, Woodhills, CA) 
and weights were measured twice a week starting before treat- 
ment as described previously (13). Twenty-four- or forty-eight- 
houT urine volumes were measured once a week in a stainless 
sted rat metabolism cage. 

Effect df icv administration of carbenoxolone: dose response, 
Carbenoxolone was infused icv at a rate of 0.3, 1-0, and 3.0 ftg/h 
and sc at a rate of 3.0 Mg/h into intact rate provided with 03% 
saline to drink ad libitum. 

Effect of icv administration of carbenoxolone and corticoster- 
one. Carbenoxolone was infused icv at a rate of 5.0 ng/Yi and 
corticosterone at a rate of 20 ng/h, alone and together. Two 
types of experiments were done. For one, the rats were intact 
and drank tap water ad libitum. For the other, the right kidneys 
were removed and the rats drank 0.9% saline ad libitum to be 
comparable to the classical maneuvers used to amplify miner- 
alocorticoid hypertension. 

Effect of oral admir^tration c/ carbenoxolone with and with- 
out ieu RU 28318. Carbenoxolone was administered orally in 
com syrup 45 mg/kg twice daily for 10 days and increased to 90 
mg/kg twice daily for the next 4 days to ascertain that the 
hypertensive effect was maximal; the control rats received com 
syrup orally. RU 28318 was infused icv at 1.1 Mg/h in one-half of 
the animals receiving caibenoxolone; the other animals received 
a potassium gluconate sohition to supply the equivalent amount 
of icv. We have previously shown that l.l ai/h RU 28318 icv 
has no intrinsic effect on the blood pressure but protects the rat 
from the hypertension of systemic mineralocorticoid excess, 
while being wcU below the dose required to affect on the blood 
pressure when infused sc (13, 14), The rats were intact and 
drank tap water ad libitum. 

Effect of orcd administration of glycyrrhizic acid with and 
without RU 28328. The effects of both glycyrrhizic acid and 
carbenoxlone were studied because of evidence that carbenox- 
olone may have a larger range of effects, including the inhibition 
of ll-oxoreductase. than does glycyrrhizic acid (29). 



Glycyrrhizic acid was administered orally in com syrup 35 
mg/kg twice daily for 14 days. RU 28318 was infused icv and sc 
at l.l Mg/h in two of three glycyrrhizic acid groups; the other 
glycyrrhizic acid animals received a potassium ghicoaate solu- 
tion icv to supply the equivalent amount of icv. Another 
group received com syrup orally and the potassium gluconate 
solution icv. The rats were intact and drank tap water ad libi- 
tum. 

Animals were killed at the end of the studies by COa narcosis 
and asphyxiation. Autopsies, including dye infusions to check 
cannula placement, were done at the conclusion of the study, 
and data from any animal in which there was doubt about the 
delivery of the solutions or which had evidence of iUness causing 
undue stress were eliminated from the experiment. At the time 
of the biweekly pun^) changes, if the catheter was found to be 
disconnected from tSie pump or cannula, the data from the 
preceding two weeks were discarded and the animal eliminated 
from the study. We started with 8-10 animals per group so that 
the groups were never reduced to fewer than 7 animals by the 
end of the experiment. Data were compared by analysis of vari- 
ance and the Dunnett t and Fisher PLSD testa (StatView 512+. 
Brainpower, Calabazas, CA). 

RESULTS 

Carbenoxolone, 3 fig/h administered icv to intact rats 
drinking 0.9% saline ad libitum, increased the blood pres- 
sure of rats significantly (P < 0.01) within 3 days and was 
maximal by day 5 (Fig. 1). There was no significant 
change in the blood pressure of rats receiving 0,3 MS/h 
CSF, or 1 Mg/h carbenoxolone icv or 3 ^tg/h carbenoxolone 
sc over 14 days. No significant difference was found in 
rate of weight gain or 24-h urine volmne between any 
groups in the icv stucdes. In separate studies it was found 
that doses of carbenoxolone >5 itg/h resulted in precipi- 
tation of the drug in the pump and cannulas. 

The icv infusion of corticosterone at 20 ng/h, a dose 
known to inhibit the hypertension produced by the icv 
infusion of aldosterone (15) while having no effect in and 
of itself, did not significantly blunt the increase in blood 
pressure produced by icv carbenoxolone, nor did it have 
any effect on the blood pressure by itself (Pig. 2). There 
was no difference in urine volume or weight gain between 
"groups in the same e^riments. Removing one kidney 
and giving saline to dimk did not alter the hypertension 




Fig. 1. 



day 5 

_ _. Effect on indirect systolic blood pressure (BP) at <iay 5 of intrac- 
erdbioventricular (icv) and subcutaneous (sc) iniiision of caibenoxolone 
(Cx) at 3.0 Mg/h in intact rats drinking 0.9% saline ad libitum. CSF, 
ceiebroapinal fluid. 
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Pig. 2. Effect on indirect systolic blood pressure of icv infusion of car- 
benoxolone at 5,0 ng/h and corticosterone at 20 ng/h, alone and to- 
gether, in noiuensitized rats (A; intact and drinking tap water ad libi- 
tum) compared with sensitized rats (B; one kidney removed and 
irinking 03% saline ad libitum). 0, 11/9-hydroxysteroid dehydrogenase. 
*P<0.06.-P<0,01. V 
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Fig. 3. Effect on indirect systolic Uood pressure of oral administration 
of carbenozolone in com 8ynq> at 45 mg/kg twice daily for 10 djsys, then 
90 mg/kg twice daily for the next 4 days, while receiving an icv infusion 
u either RU 28318 at 1.1 og/h or vehicle, in intact rats drinking tap 
water ad libitum. 

produced by icv carbenoxolone or the effect of icv corti- 
costerone. At day Hot the sensitization study there was 
a 41 and 39% difference in blood pressure between the 
controls and the icv carbenoxolone and icv carbenoxolone 
plus corticosterone, respectively, compared with 41 and 
31% increases for the nonsensitized rats. 

The blood pressure of intact rats drinking water and 
receiving oral carbenoxolone at 46 mg/kg twice daily in- 
creased significantly within 6 days from 105 mmHg to a 
plateau of 127 mmHg (Fig. 3). Doubling the dose to 90 



mg/kg twice daily did not further increase the blood pres- 
sure. The icv infusion of 1.1 >ig/h RU 28318 completely 
prevented the increase in blood pressure. We have shown 
in multiple studies, including those described below using 
glycyrrhizic acid instead of carbenoxolone, that the sc 
infusion of 1,1 ^g/h RU 28318 is too low to affect the 
blood pressure. We have also reported that the icv infu- 
sion of the antagonist at three times this dose has no 
effect on the blood pressure of normal animals (14). The 
blood pressure in the animals receiving the icv control 
solution returned to normal within 3 days of discontinu- 
ing the oral administration of carbenoxolone. Orally 
aihninistered carbenoxolone doubled the urine volume; 
this increase in urine volume was not prevented by the 
icv administration of the mineralocorticoid antagonist, 
which abolished the hypertension (Fig. 4). There was no 
difference in weight gain between groiq^s. 

The oral adndnistration of glycyrrhizic acid at 35 
mg/kg twice daily also significantly increased the blood 
pressure of intact rats drinking tap water. The icv infu- 
sion of 1.1 Mg/b RU 28318 prevented the rise in blood 
pressure (Fig. 5). There was no difference in weight gain 
between groups. 

DISCUSSION 

The importance of the CNS in the development of 
mineralocorticoid hypertension has been well docu- 
mented (5, 13). MR are found in the hippocampus, 
amygdala, lateral septum, and hypothalamus, particulairly 
in the periventricular r^ons, areas known to be or sus- 
pected of being important in the regulation of adrenocor- 
ticotropic hormone (ACTH) release, arousal, fluid and 
fluid osmolality equilibrium, and the maintenance of nor- 
mal blood pressure. The chronic icv infusion of aldoster- 
one at a dose two orders of magnitude less than that 
necessary to produce hypertension when infiised sc has 
been reported to produce hypertension in rats and dogs 
(21), The icv infusion of the mineralocorticoid antagonist 
RU 28318, at doses that have no effect on the blood 
pressure when given icv alone and that are ine^ective as 
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Pig. 4. Effect on 24-h urine volume of oral administration of carbcnox'^ 
olone in com syrup at 45 mg/kg twice daily for 10 days, then 90 mgAg 
twice daily for the next 4 days, while receiving an icv infusion of either 
RU 28318 at 1.1 ng/h or vehicle, in intact rats drinking tap water ad 
libitum. 
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Fig. 5. Effect on iadirect systolic blood pressure of oral administiation 
of glycyrrbizic acid (Gl) in com synip at 35 mgflig twice daily, while 
receiving an icv inftiaion of either RU . 28318 at 1.1 ng/h or vehicle, at 
dory 13 in intact rats drinking tap water ad libitum. 

an antagonist when administered sc, blocks the hyper* 
tension of both the icv and systemic administration of 
aldosterone and the sc infusion of deoxycorticosterone 
acetate. The systemic, but not icv, aldosterone hyperten- 
sion is associated with a chronically increased urine vol- 
ume indicative of saline polydi^ia/polyuria. The icv in- 
fusion of the antagonist prevents the rise in pressure 
produced by the systemic administration of aldosterone 
without preventing the associated polydypsia/polyuria 
(13, 14). These findings suggest distinct mineralocorti- 
coid effects in the brain and kidney. 

In the studies reported herein, the icv, but not sc, in- 
fusion of 3 lig/h caibenoxolone produced hypertension, 
implying that the site of action is in the brain. The hy- 
pertension produced by the oral and icv administration of 
carbenoxolone or i^ycyrrhizic acid resembles that of 
chronic systemic and icv aldosterone infusion in the am- 
plitude of the increase in blood pressure and the effec- 
tiveness of mineralocorticoid receptor blockade by icv RU 
28318 (13, 14). In addition, as with aldosterone, an 
increase in urine volimie occurred only with the sys- 
temic, and not icv, administration of hypertensinogenic 
amounts of both licorice compounds. Blocking the hyper- 
tension of ahirtals receiving oral carbenoxolone witi^ the 
icv infusion of RU 28318 at doses too low to be effective 
when infused sc did not reduce their increase in urine 
volume. Classically mineralocorticoid-salt hypertension 
is associated with an initial retention of sodium and wa- 
ter followed by an '^eacspe^ from further retention and the 
establishment of a new equilibrium at a higher overall 
fluid volimie. Polydypsia/polyuria may persist after 
reaching a balance witii no additional net gain in water 
(13). Assuming that the cariienoxolbne when given orally 
is causing a mineralocorticoid excess s3mdrome as for as 
the kidneys are concerned, one would expect initial so- 
dium and water retention, followed by escape. The rats in 
these studies apparent^ were placed in metabolism cages 
after the water retention phase, assuming it occurred, 
after an equilibrium had been reached, because their 
urine output was consistently greater, not less, than that 
of controls. Weight gains were •^al," not water gams, as 
evidenced by the fact that the weights of the oral car- 
benoxolone rats did not fall after the drug was withdrawn. 

There was a consistent difference in the time of onset 
of the hypertension. lev aldosterone hypertension takes 



from 7 to 11 days to become significant (13), while icv 
carbenoxolone hypertension was evident in 3-6 days. 
Ck>nsideriiig the relatively long delay of onset, that of days 
rather than minutes or hours, it seems unlikely that this 
difference is due to a more rapid passage of the licorice 
compoimds across the blood-brain barrier, it probably 
reflects a more basic difference in the mechanism of ac- 
tion. Removing one kidney and giving saline to drink did 
not exacerbate the hypertension produced by icv car- 
benoxolone. This was surprising because the classical way 
to amplify mineralocorticoid hypertension is to reduce 
renal mass and increase sodium consumption and because 
in the model of central mineralocorticoid hypertension, 
equihypertensinogenic doses of icv aldosterone in non- 
sensitized rats were nine times that of sensitized rats 
(13). 

Glycyrrbizic acid and carbenoxolone are not thought to 
act as agonists at the receptor level beca\ise their affinity 
for the MR is negligible (2). They are presumed to work 
by inhibiting lljS-HSD, thereby removing the protection 
of the MR from corticosterone and allowing it to act as a 
mineralocorticoid (12). However, if 11/3-HSD were active 
in the brain, and if it were inhibited by carbenoxolone, 
previous studies from our laboratory suggest that the re- 
sulting accumulation of corticosterone would not be ex- 
pected to increase blood pressure. An additional differ- 
ence between the icv aldosterone and icv carbenoxolone 
models is that the icv infusion of corticosterone, at a dose 
that wbuld have been expected from our previous work to 
antagonize the icv aldosfterone model, had no effect on the 
blood pressure of rats receiving icv carbenoxolone. It is 
assumed that the inhibitory action of icv corticosterone 
on icv aldosterone hypertension is mediated by the MR 
because RU 26988, a selective GR agonist, had no effect 
when infused alone or in combination with aldosterone 
(15). 

While most reported studies indicate that carbenox- 
olone does not affect the mineralocorticoid activity of 
aldosterone (25), others suggest that it enhances the so- 
dium retention produced by aldosterone and 11-deoiy- 
corticosterone (23). Glycyrrhetinic acid has been found to 
inhibit the hepatic 5j8-reductase and 3i3-HSD but not the 
5a-reductase or 3a-HSD. Another proposed mechanism 
for the enhancement of mineralocorticoid activity by 
licorice derivatives is the accumulation of aldoster- 
one, deoxycorticosterone, and 11-deoxycorticosterone 
and their biologically active 5a-dehydro derivatives due 
to the inhibition of the 5^-reductase and 3i3-HSD en- 
zymes, as well as of glucocorticoids due to Ilj9-HSD in- 
hibition (17). 

Patients with apparent mineralocorticoid excess ap- 
pear to be deficient in 11/9-dehydrogenase but not 11- 
oxoreductase enzyme activity (30). While it has been as- 
sumed that lljS-HSD is an enzyme complex consisting of 
an lljJ-dehydrogenase and a distinct ll-oxoreductase (9, 
22, 30), a rat cDNA has been cloned and expressed as a 
single enzyme that interconverts cortisol/corticosterone 
to cortisone/1 1-dehydrocorticosterone (1). It has been re- 
ported that glycyrrhizic acid and carbenoxolone are not 
identical in their clinical activities and that glycyrrbizic 
acid inhibits the conversion of cortisol/corticosterone 
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to cortisone/11 -dehydiocorticosterone unidirectionally, 
while carbenoxolone inhibits both the dehydrogenase and 
reductase directions (29). In our studies, the activity of 
glycyrrhizic acid and carbenoxolone were similar. 

There is evidence for yet another mechanism of action 
of carbenoxolone. The MR is either missing or defective 
in patients with pseudohypoaldosteronism. Funder (10) 
has reported that the adiministration ,of carbenoxolone 
with a selective GR agonist in patients with pseudohy- 
poaldosteronism anddn adrenalectomized rats alters the 
function of the glucocorticoid, causing it to produce the 
same renal effects, Na* retention and K*^ excretion, as a 
mineralocorticoid would, presumably by causing GR- 
ligand complexes to act as activated MR The animals in 
our experiments had intact adrenals; in fact, the miner- 
alocorticoid effects of licorice depend on intact adrenal 
glands or replacement corticosteroids (9). Normally, most 
of the MR and many of the GR of the brain, depending on 
the area, are tonically bound by corticosterone, even in 
the unstressed rat (7, 26). While the concomitant lev 
infusion of corticosterone blocks icv aldosterone hyper- 
tesion, the icv infusion of a selective glucocorticoid, pre- 
sumably to the GR only, does not antagonize icv aldos- 
terone hypertension. If there are two classes of MR in the 
brain, as has been postulated by De Kloet (7), carbenox- 
olone and glycyrrhizic acid may be altering the ^corti- 
costerone-preferring*' MR to functionally "aldosterone- 
preferring^ MR If carbenoxolone were producing hyper- 
tension by "recruiting" GR and/or corticosterone-prefer- 
ring MR bound to endogenous corticosterone to the pool 
of functionally activated MR, not only might the same 
cellular response be elicited as by activated MR in a min- 
eralocorticoid-sensitive central blood pressiire control 
area, but, more important, it might also remove the re- 
ceptors that mediate the inhibition of icv aldosterone 
hypertension. This might explain why icv corticosterone, 
when given with carbenoxolone, neither increased the 
blood pressure, because the receptors were already stir- 
feited, nor decreased it, because they were being diverted 
from their usual role of buffering the hypertensinogenic 
effect of aldosterone. The more rapid induction of hyper- 
tension by licorice compounds compared with aldoster- 
one may be due more to the removal of local inhibitory 
effects than to the recruitment of more functional MR. 
The yin-yang relationsh^) of the two classes of corticos- 
teroids has been described elsewhere, including in the 
bram (7). 

These data provide additional evidence for a central 
role in blood pressure control by mineralocorticoids that 
is distinct ftom their renal effects and that involves a 
complex homeostatic relationship between the two 
classes of corticosteroids in their central effects on blood 
pressure. They suggest that our understanding of func- 
tional specificity of the corticosteroid receptor-ligand: 
complex, particularly in the brain, is incomplete. Finally, 
these studies indicate that more is involved in licorice- 
induced hypertension than the inhibition of lljS-HSD. 
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Inhibition of 11^-Hydroxysteroid 
Dehydrogenase Obtained from Guinea Pig 
Kidney by Furosemide, Naringenin and Some 

Other Compounds 
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Inhibition of H^-hydroxysteroid dehydrogenase (U/T-OHSD) can cause excess mineralocorticoid 
enccts and hypokalemia. Several substances causing hypokalemia (glycyrrhizic acid in Ucorice and 
gossypol) inhibit this enzyme. We tested other compounds for activity to inhibit ll/(-OHSD in guinea 
pig kidney cortex microsomes with NADP as cofactor and Cortisol as substrate. Furosemide was an 
miubitor whUc bumetanide was not, indicating a mechanism for the increased K+ excretion caused 
by furosemide compared with bumetanide. Naringenin (found in grapefruit juice), ethacrynic acid, 
and chenodeoxycholic acid had inhibitor IC„ values similar to glycyrrhizic acid. We conclude that 
various compounds can inhibit this enzyme and may play a role in K+ metaboUsm and adrenocor- 
ttcosteroid action. 

J. Steroid Biochem. MoUc. Biol., Vol. 49, No. 1, pp. 81^5, 1994 



INTRODUCTION 

The syndrome of apparent mineralocorticoid excess, 
first described by Ulick, Ramirez and New in 1977 
(IL has led to much research on the enzyme 11^-hy- 
droxysteroid dehydrogenase (11^-OHSD). Deficient 
activity of this enzyme in children leads to their 
inability to oxidize Cortisol to inaaive cortisone, 
providing high Cortisol levels in the kidney which 
activate renal mineralocorticoid receptors and cause 
hypenension and hypokalemia. Subsequently, the 
mechanism of licorice-induced hypermineralocorti- 
coidism was shown to be the inhibition of ll/?-OHSD 
by the active principle of Ucorice, glycyrrhizic acid. 
Since then, much research has been done to explore 
the role that this enzyme plays in regulating the 
interactions of Cortisol with mineralocorticoid and glu- 
cocorticoid receptors [2-6]. 

Gossypol, a polyphenolic constituent of cotton seed, 
has been studied in China as a potential oral contra- 
ceptive for men because it suppresses sperm motility 
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and fomiation without affecting testosterone levels [7]. 
Some Chinese men who received gossypol developed 
hypokalemia although the cause remained obscure [7]. 
This is particularly remarkable since idiopathic hy- 
pokalemia, often associated with hyperthyroidism, oc- 
curs widely in China; in addition, normal Chinese 
men have serum potassium levels lower than men in 
four other countries, with 9% having values below 
3.5nmiol/l [8]. 

In studies investigating how gossypol causes 
hypokalemia, we found that gossypol inhibited lljS- 
OHSD activity in guinea pig [9] and human [10] 
renal cortical microsomes. We also found that 
certain bioflavonoids inhibit rat liver ll/J-OHSD 
[10], Others have reported inhibition of the rat 
kidney enzyme by bile aciijs [11] and by steroidal 
and tritcrpcnoid compounds [12], and inhibition of 
the rat liver enzyme by some substances in human 
urine [13], We therefore decided to test a variety 
of compounds for their possible enzyme inhibiting 
effect, choosing drugs that can cause hypokalemia or 
sodium retention as a side effect, flavonoids from 
grapefruit juice that inhibit the oxidation of dehy- 
dropyridine calcium channel blocking drugs [15-17] 
or sterols in vegetable oils at concentrations of 
100-^500 mg/dl [14]. 

n NOTICE; THIS MATERIAL MAY BE PROTECTED 

V DV /^riovoj/\i_rr i a.u/ mm C4^no /v^nc\ 
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MATERIALS AND METHODS 
Chemicak and solutions 

Sitosterol was a gift from Eii Lilly and Co, (Indiana- 
polis, IN). Campesterol was purchased from Aldrich 
Chemical Co. (Milwaukee, WI), All other chemicals 
were purchased from Sigma Co. (St Louis^ MO). 

Most sterols, furosemide, ethacrynic acid, naringin 
and naringenin were dissolved in ethanol and diluted 
with methanol. Cholic acid, chenodeoxycholjc acid, 
bumetanide, hydrochlorothiazide and spironolactone 
were dissolved in methanol. Phenylbutazone and in- 
doraethacin were dissolved in distilled water (pH 9). 
Glycyrrhizic acid was dissolved in distilled water. 
Corticosterone and hydrocortisone were dissolved in 
methanol (144/imol/l) and kept at -4°C. 

Enzyme preparation and measurement of Jlfi-OHSD 

activity 

Kidney cortex was obtained from long-haired male 
Hartley "guinea pigs. Tissue was homogenized in 
Krebs-Henseleit buffer as described previously [9], 
except for the use of a Tekmar Tissuemizer (Cincin- 
nati, OH). Microsomes were prepared as described 
previously [9], except that they were diluted to a 
concentration of 1.25 mg protein/ml prior to storage at 
-70^C. 

The enzyme activity in guinea pig kidney cortex 
microsomes was determined by measuring the rate of 
conversion of Cortisol to cortisone. Five minutes before 
incubation, 2^1 of concentrated Triton DF-18 was 
added to each milliliter of the microsome suspension. 
The assay mixture contained 500 pi Krebs-Henseleit 
buffer (pH 7,2), 50 fzi 5 mmol/1 NADP, 40/41 of 
144/imol/l phosphate-sucrose buffer, 20-50 /il 
. (25-63.5 /4g) of microsome suspension in 0.01 M phos- 
phate-sucrose buffer and various concentrations of each 
compound studied. This mixture was incubated in 
duplicate or triplicate. The total volume was 700 /iL 
Methanol concentration was kept at<:10%, Ck)ntrol 
studies showed that this concentration did not inhibit 
the reaction. After Ih of incubation at 37^, the 
reaction was terminated by the addition of 3 ml meth- 
ylene chloride and 20|il W/imol/l corticosterone sol- 
ution as the internal standard for assay of cortisone and 
Cortisol, 

The enzyme inhibition constant for furosemide was 
determined by adding furosemide in various amounts 
to achieve concentrations ifrom 3.9 to 62 /zmol/1 in the 
incubation mixture and Cortisol concentrations of 4, 8, 
and 16/imol/l. The constants were obtained from a 
Dixon plot and a kinetic program (Chou J, Chou T-C: 
Michaelis-Mcnton analysis with microcomputers, Disk 
No. 1, Elsevier-Biosofi, 1989, Cambridge, England. 

A modification of the HPLC method of Sang (9] was 
used to measure Cortisol, cortisone and corticosterone 
in the microsomal incubation mixture. The steroids 
were extracted into methylene chloride by voncxing for 
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Imin, then centrifuged at 750^ for ISmin. The 
aqueous layer was removed by aspiration. 300/^1 of 
0.1 NaOH was added to the organic phase followed by 
vortexing for 30 s. The mixture was centrifuged and 
the aqueous layer removed. The organic phase was 
washed with 500 fil of milli-Q water (Millipore Corp., 
Bedford, MA). The 1,5 ml organic phase was trans- 
ferred to clean glass tubes and dried by evaporation in 
a 45-50**C water bath. The residue was dissolved into 
200 >il of methanol and 5 /il of this solution was injected 
into the HPLC apparatus. A standard curve for Cortisol 
and cortisone was determined in duplicate in each 
enzyme experiment by using the same amount of 
microsome suspension after boiling to inactivate the 
enzyme. Standard curves were plotted as the ratio of 
peak height of cortisone (or Cortisol) divided by the 
peak height of the internal standard vs steroid concen- 
tration^ Ail unknown concentrations of Cortisol and 
cortisone were determined from the standard curves 
from each experiment. The drug concentrations that 
inhibited the enzyme by 50% (ICso) were estimaifed 
from at least 3 different concentrations of each com- 
pound evaluated by a dose-response program (Chou 
and Chou: Dose-effect analysis with microcomputers, 
Disk No. 2, Elsevier-Biosoft. 1989, Cambridge, Eng- 
land). 

The HPLC apparatus used for quantitating the 
steroids consisted of a Waters Model 6000 A solvent 
delivery system, U6K injector, model 680 automated 
gradient controller. Waters 486 tunable absorbance 
detector and a BBC chart recorder (Model SE 120). 
The mobile phase contained methanol-water (30:70, 
v/v) at a flow rate of l.Oml/min. The Waters stainless 
steel Novapak Cjg column (3,9 x 150 mm, 4^) was kept 
at room temperature. The retention times for cortisone, 
Cortisol and corticosterone were 6.5, 7.0 and 9.0 min, 
respectively, 

RESULTS 

The efficacy of the compounds tested to inhibit the 
NADP-utilizing form of 11/J-OHSD from guinea pig 
renal cortex with Cortisol as substrate is shown in 
Tables 1 and 2. Furosemide was the most potent 
inhibitor tested, with glycyrrhizic acid, naringenin, 
ethacrynic acid and chenodeoxycholic acid having po- 
tencies similar to each other but an order of magnitude 
less potent than furosemide. Data for glycyrrhizic acid, 
naringenin and naringin are shown in Fig. 1. The 
correlation coefficient (r value) for the computed values 
agreeing with the measured values for the potent 
inhibitors was 0.99 for furosemide, glycyrrhizic acid, 
and naringenin, 0.96 for ethacrynic acid and 0.86 for 
chenodeoxycholic acid. It was above 0.95 for all of the 
other compounds tested except for phenylbutazone 
which was 0.86. 

The observations of enzyme inhibition by 
furosemide at varying concentrations of Cortisol is 



FROM BIOMEDICAL INFORMATION SERVICE 



(TUE) 1,16' 01 1 1 : 1 9/ST. 1 1 : 1 0/NO. 4862209660 P 15 



Inhibition of 11^-OHSD 



83 



Table 1. Inkibitian of llfi-OHSD by various compounds 


Compound 


IC50 O*niol/1) Concentrations tested OimoI/1) 




59 


12, 50, 100, 200, 500, 1000 


Glvcvrrhi^ir ariH 


254 


132, 246, 529 


Naringenin 


336 


12, 25, 50, 100, 1000, 2000, 5000 


Ethacrynic acid 


452 


50, 100,200, 400, 2000 


Chenodeoxycholic acid 


513 


200, 400, 600, 800 ■ 


Phenylbutazone 


1358 


167, 667, 1344 


Sitosterol 


1395 


500, 1000, 1500 


Stigmasterol 


1968 


500, 1000, 1500 


Naringin 


2373 


582, 1163, 1744 


Cholic acid 


3529 


1250, 2500, 3750, 5000 



Campcsterol inhibited 33% at the highest concentration tested of 1000 ;imol/l. 
Since a second higher point could not be measured because of limited 
solubility of the compound, an IC50 was not calculated. 



shown as a double reciprocal plot in Fig. 2. Most of 
the lines converge near the ordinate. A Dixon plot 
indicated that the inhibition by furosemide is competi- 
tive. The enzyme kinetic constants were: 
/C«=:=8/imol/l and = 30nmol/;ig microsomal 
protaa/h. The for furosemide was 7.7^mol/l 
nearly the same as the K„ for Cortisol. 

DISCUSSION 

We have tested a number of compounds for their 
ability to inhibit the NADP-utilizing form of 11^- 
OHSD from guinea pig renal cortex with Cortisol as 
substrate. We found that furosemide is a much more 
potent inhibitor than glycyrrhizic acid> and that narin- 
genin, ethacrynic acid and chenodeoxycholic acid in- 
hibit with a potency ahnost equal to that of 
glycyrrhizic acid. 

The compounds selected for study were chosen 
for a variety of reasons: the diuretics because 
they cause potassium loss with spironolactone as 
a control since it does not; glycyrrhizic acid and 
the bile salts as reference compounds, since data 
about these compounds have been published and 
therefore they can be used in this study to evaluate 
relative potency of the other compounds studied; 
naringin and naringenin because they are active 
compounds in grapefruit juice that inhibit a particular 
pathway of drug oxidation (cytochrome P^so 3A4) 
and we were curious to see if they also inhibited 
this oxidation pathway (ll/?-OHSD); the sterols 
smcc they are present in vegetable oils and have a 



Compound - 


Maximum conccmracion 


tested (/<ino[/l) 


Bumetanide 


2000 


Hydrochlorothiazide 


8000 


Indomethacin 


uoo 


Spironolactone 


2000 - 



Structure suggesting that they might inhibit lljj- 
OHSD; and the cyclooxygenase inhibitors because 
they inhibit prostaglandin formation and cause salt 
retention. 

The K„ of our enzyme preparation for Cortisol 
(8 ^mol/1) is similar to that of rat for corticosterone 
(2;<mol/l) found by Monder et al [18]. Working with 
purified enzyme from rat liver (gift from Dr C. 
MonderX we have found an IC50 of 12nmol/l for 
glycyrrhetinic acid [10], similar to the dissociation 
constant of the enzyme-inhibitor complex of 8 nmol/I 
reported by Monder et al. [18}. In a previous study 
from our laboratory, glycyrrhizic acid had an IC50 of 
1994 /imol/1 for guinea pig renal cortex microsomes 
with corticosterone as the substrate without Triton in 
the incubation mixture [9] compared with 254/4mol/l 
in the present study using Triton and Cortisol as the 
substrate. Buhler et aL [12] working with rat kidney 
microsomes and corticosterone at 0.1 /xmol/I, found an 
IC50 of 4/iM; in our study of guinea pig microsomes 
with a substrate concentration of 23 |imol/l we found 
an IC50 of 254jwM. Perschel et al [11] working with 
rat kidney microsomes found cholic acid to inhibit this 
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Fig. 1. Inhibition of ll(bt]/?-OHSD by glycyrrhizic acid from 
licorice and flavonolds from grapefruit juice. 
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Concentration 
ofturosemMe 
Gunol/l) 




.1 .2 

1 /[Cortisol] (^mol/l) 

Fig. 2. Double reciprocal plot of 1/v 1/s for ll/T-OHSD with varying concentrations of furosenaide in incubation 
mixture. K„ for Cortisol is 8 /<mol/l. is 30 nmol/^g microsomal protein/h. iC, for furosemidc is 7.7 /imol/l. 



enzyme at l/27th the potency of chcnodeoxycholic 
acid. We found it to be l/7th the potency" in our 
system. 

We studied the NADP-requiring form of the en- 
zyme that is present in most tissues rather than the 
NAD-requiring form that is present in the distal 
nephron [19-211. Whether inhibition of the NAD-re- 
quiring enzyme is different from that of the NADP- 
requiring enzyme is not known. Since the mechanism 
of inhibition of glycyrrhetinic acid [IS], gossypol [9] 
and furbscmide (this study) is competitive, one might 
speculate that competitive inhibition of the NAD-re- 
quiring form of the enzyme by these compounds 
might also occur. 

The fact that furosemide is an inhibitor of the 
enzyme while bumetanide is not may explain 
why furosemide causes more potassium excretion 
per unit sodium excretion than bumetanide [22-24]. 
It is excreted by patients with heart failure at a 
rate of 15-30 /ig/min [25], Assuming a Iml/min 
urine flow, the furosemide concentration would be 
76 /^M, compared with its IC50 of 59 //M in this 
study. 

Three flavonoids: the sugar conjugates of narin- 
genin, qucrcetin and kaempferol> along with some 
others are found in grapefruit juice [26]. These are 
hydrolyzed in the intestine to the aglycons which are 
absorbed. We found that naringenin inhibited the 
enzyme in this study, and previously that the 
flavonoids morin and quercetin were weak inhibitors 
[10]. The importance, if any, of these dietary constitu- 
ents as in vivo inhibitors of this enzyme remains to be 
determined. 
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PHARMACODYNAMICS AND 
DRUG ACTION 

Grapefruit juice and its flavonoids inhibit 
I ip-hydroxysteroid dehydrogenase 

Introduction: The enzyme lip hydroxystcroid dehydrogenase (lip-OHSD) oxidizes Cortisol to inactive 
cortisone. Its congenital absence or inhibition by licorice increases Cortisol levels at the mineralocordcoid 
receptor, causing mineraiocorticoid effects. We tested the hypothesis tliat flavonoids found in grapefruit 
juice inhibit this enzyme in vitro and that grapefruit juice itsdf inhibits it in vivo. 
Methods: Microsomes from guinea pig kidney cortex were incubated with Cortisol and nicotinamide 
adenine dinudeotide (r?AD) or nicotinamide adenine dinudeotide phosphate (NADP) and different 
flavonoids and the oxidation to cortisone measured with use of HPLC analysis. In addition, healthy 
human volunteers drank grapefruit juice, and tlie ratio of cortisone to Cortisol in tJicir urine was measured 
by HPLC and used as an index of endogenous enzyme activity. 

Rfsults: Both forms of lip-OHSD requiring either NAD or NADP were inhibited in a concentration- 
dependent manner by the flavonoids in grapefruit juioe. Normal men who drank grapefruit juice had a fall 
in their urinary cortbonc/cortisol ratio, suggesting in vivo inhibition of the enzyme. 
Conclusion: Dietary flavonoids can inhibit this enzyme and, at high doses, may cause an apparent 
mineraiocorticoid effect. (Cun Pharmacol Tker 1996;59:62-71.) 

Yil Seob Lcc, MD,* Beverly J. Lorenzo, BS, Thco Koufis^ MS, and 
Marcus M. Bjddenberg, MD New York, N.T. 



The enzyme lip-hydroxysteroid dehydrogenase 
(lip-OHSD) oxidizes Cortisol to inactive corti- 
sone. This enzyme in the kidney regulates the 
amount of mineraiocorticoid activity there, be- 
cause Cortisol binds as avidly to the mineralocor- 
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ticoid receptor as aldosterone does. Deficiency of 
this enzyme in children, first describjed by Ulick et 
aL^ in 1977, causes high Cortisol levels in the 
kidney that result in hypertension and hypokale- 
mia. Licorice-induced hypermineralocorticoidism 
is probably due to the inhibition of lip-OHSD by 
glycyrrhizic acid, the active principle of licorice,^"* 
Much research has been done since 1977 on syn- 
dromes of apparent mineraiocorticoid excess,^*^ 

Gossypol, a polyphenolic constituent of cotton 
seed, has been studied in China as a potential 
male oral contraceptive, but hypokalemia devel- 
oped in some Chinese men while they were taking 
it.'^ We found that gossypol inhibited lip-OHSD 
activity in guinea pig® and human renal cortical 
ciicrosomes.' Because there are structural simi- 
larities between gossypol and some flavonoids, we 
tested some of these and some other compounds, 
such as diuretics, that cause hypokalemia^'^^ and 
discovered that some inhibit this enzyme. Narin- 
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genin, the aglycone of naringin, is a major fla- 
vonoid in grapefruit juice and inhibits this en- 
zyme/^ Recent work suggests that there are two 
isoforms of this enzyme, nicotinamide adenine 
dinucleotide (NAD)-dependent llp-OHSD and 
nicotinamide adenine dinucleotide phosphate 
(NADP)- dependent 113-OHSD with specific tis- 
sue distributions,^^'^"* The effects of these fla- 
vonoids are worth study because about 25 mg of 
flavonoids has been recently estimated to be in- 
gested daily in the diet,^^ whereas older studies 
cite as much as 1 gm per day.^^ 

The objective of this study was to learn which 
other flavonoids in grapefruit juice inhibit lip- 
OHSD in vitro and whether grapefruit juice inhibits 
the enzyme in vivo. 

MATERIAL AND METHODS 
In vitro study 

Chemicals and solutions. All flavonoids (see Struc- 
tures), cortisone, Cortisol, corticosterone, NAD, 
NADP, 99.9% dimethyl sulfoxide (DMSO), and 
Sigma Diagnostic Total Protein Kit (cat. No. 690'A) 

were purchased from Sigma Chemical Co., St, 
Louis, Mo, All flavonoids were dissolved in DMSO, 
Cortisone, Cortisol, and corticosterone were dis- 



solved in methanol (J.T. Baker HPLC grade pur- 
chased from VWR Scientific, Piscataway, NJ,) (1.4 
mmol/L) and kept at -4° C. NAD and NADP (5 
mmol/L) were dissolved in Tris hydrochloric acid 
buffer (0.1 mol/L, pH 8.0), 

Microsomal preparation and assay of llp-OHSD 
activity. Guinea pig kidney cortex was obtained from 
long-haired male Hartley guinea pigs (Hilltop, Pa.), 
Tissue was homogenized by a Tekmar Tissuemizer 
(Cincinnati, Ohio). Microsomes were prepared, di- 
luted to a concentration of 1.25 mg protein/ml as 
measured by the Sigma Diagnostics Total Protein 
Kit, and stored at -70'' C. The enzyme activity in the 
microsomes was determined by measuring the rate 
of conversion of Cortisol to cortisone in the presence 
of NAD or NADP as described previously.*-*^ Each 
flavonoid was studied with use of NAD and NADP 
as the cofactor. The conversion rates from Cortisol 
to cortisone were determined, and the extent of 
inhibition was calculated. The drug concentrations 
that inhibited the en^rme by 50% (IC50) were esti- 
mated from duplicate incubations at each concen- 
tration of at least three different concentrations of 

each flavonoid by use of the dose-rcsponsc pro- 
gram of Chou and Chou {Dose-effect Analysis with 
Microcomputers, Elsevier-Biosoft, Cambridge, En- 
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gland, 1989). For each flavonoid studied, at least 
one concentration was above and one below the 
ICso. 

Analytical method for urinary cortisone 
and Cortisol 

We modified our HPLC method for measurement 
of these compounds from microsomal incubation mix- 
tures.^ The equipment consisted of a Waters Auto- 
mated Gradient Controller with two Waters 6000A 
pumps (Waters Chromatography, Milford, Mass.)< 
The mjector was a Waters U6K and the detector was 
a Waters 486 Tunable Absorbance Detector set at a 
wavelength of 246 nm and 0.15 absorbance units full 
scale. The separation was performed with a Waters 
Nova-Pak Qg 3.9 x 150 mm stainless steel column (4 
Jim spherical particle size, pore size 60 A, 7% carbon 
load, end*capped) or with a Waters |xBo*idapak Gig 
3.9 X 300 mm^column (10 |xm irregular particle size, 
pore size 125 A, 10% carbon lead, end-capped). The 
peak areas were recorded on a SE120 plotter pur- 
chased through Waters Chromatography. 

The mobile phase was methanol/water, initially 
at 70% water: 30% methanol. Conditions were 
changed over the first 6 minutes to 56% water: 44% 
methanol in a Imear gradient that was then held 
isocratically for 14 minutes. The gradient was then 
reversed linearly to 70:30 over 3 minutes and the 
column equiUbrated for 5 minutes before the next 
injection, TTie flow rate was 1 ml/min. 

Procedure 

To each 10 ml aliquot of every standard and 
sample (performed in duphcate) was added 40 [d of 
the 25 |xg/ml corticosterone* as the internal stan- 
dard. The samples were briefly vortexed to mix. One 
milliliter of 0.1 mol/L of sodium hydroxide was 
added to each test tube and again briefly vortexed to 
mix. Three milliliters of methylene chloride were 
added to each sample, capped with Teflon-lined 
screw tops, and rotated for 45 minutes on a mechan- 
ical rotator at approximately 20 rpm. The samples 
were centrifuged at 3000 rpm (lOOOg) for 15 min- 
utes. The aqueous layer (top) was aspirated to 
waste. Again the samples were centrifuged for 10 
minutes at 3000 rpm and the remainder of the aque- 

•Corticosterone is exmted by huraans at a rate that averages 6 
fLg/24 hours'*' or ]css than of 1% of 1.5 to 4.0 mg/24 hour 
production rate.^^ Thus the concentration from endogenous 
sources is less than 10% of that added, a negligible amount for 
this assay. 
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ous phase was aspirated. A small spatula full of 
sodium chloride (—150 mg) was added to each sam- 
ple, and any emulsion was broken up with a Pasteur 
pipet. The samples were then again centrifuged for 
10 minutes. The organic layer was carefully trans- 
ferred to clean test tubes and evaporated to dryness 
in a warm water bath (-^45*" C) under a stream of 
nitrogen. The residue was redissolved in 150 jtl of 
HPLC grade methanol and injected into the HPLC 
The retention times were 16.5, 19.0, and 23.5 
minutes for cortisone, Cortisol, and corticosterone, 
respectively, on a Waters 10 micron, 300 X 3.9 mm 
stainless steel piBondapak Cig column. On a Waters 
4 micron, 150 x 3.9 mm Nova-Pak, the retention 
times for' cortisone, Cortisol, and corticosterone 
were 12.8, 13.6, and 17.8 minutes. Levels measured 
in about 60 human urine samples ranged from 7.1 to 
215.4 ng/ml for cortisone and 4.5 to 230.1 ng/ml for 
Cortisol. The ratio of cortisone to Cortisol was 
0.2 to 5.7. 

The absolute recovery was 70% for Cortisol and 
69% for cortisone. The interday coefficient of 
variation for cortisone was 6.5% for 25 ng/ml and 
1.5% for the 100 ng/ml standard. For Cortisol, the 
values were 6.3% for 25 ng/ml and 1.1% for 100 
ng/ml. Cortisone dissolved in methanol was chro- 
matographed and the peak was collected. The 
putative cortisone peak from extracted urine was 
also collected, and both fractions were scanned 
with a Varian Cary 219 spectrophotometer. The 
peaks had identical absorption spectra, with ab- 
sorption maximums at 239 nm. (The CRC Hand- 
book of Chemistry and Physics states that the 
absorption maximum of cortisone in alcohol 
is 237 nm). 

All samples were assayed twice in duplicate. Stan- 
dard curves for cortisone and Cortisol were deter- 
mined and plotted as in the in vitro study. Concen- 
trations of these steroids in unknown samples were 
extrapolated from these standard curves.^** . 

Id vivo preliminaiy study 

Six male volunteers aged from 35 to 65 years (two 
investigators and four other members of the Depart- 
ment of Pharmacology) who were Hving at home 
gave daily morning urine samples for 4 days. They 
then drank grapefruit juice, requested to be at a 
dose of a quart a day, for 7 days, and gave daily 
morning urine samples on the last 4 days of this 
period. After a 3-day washout period, the subjects 
again gave daily morning urine samples for 4 days. 
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EFFECT OF GRAPEFRUIT JUICE ON 
URINARY CORTISONE TO CORTISOL RATIO 
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Fig, 1. Preliminary study results in six subjects living at home. Subjects 1 and 6 were two of 
the authors, who are known to have consumed the full amount of grapefruit juice. 



The cortisone and Cortisol concentrations were mea- 
sured in each urine sample. The two investigators 
(subjects 1 and 6) had a decrease in the ratio of 
urinary cortisone to Cortisol during the grapefruit 
juice period compared with the control periods be- 
fore and after grapefruit juice (mean ± SD for 



subject 1 was 11.4 ± 3.1, 5.7 ± 0.9, and 10.2 ± 2.1; 
mean ± SD for subject 6 was 4.8 ± 0.4, 3.6 ± 0.6,^ 
and 4.7 1L 0.8). The other four subjects had no 
significant change. All data are shown in Fig. 1, 
Subjects 1 and 6 then volunteered for the dose- 
response study. 
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Fig, 2. Coacentration-response relationships for the inhibi^^ 

nase by different flavonoids with use of nicotinamide adenine dinucleotide (NAD; soM bars) or 
mcotmamide adenine dinucleotide phosphate (NADP; open ban) as a cofactor. *p < 0.05. 



In vivo dose*response. study 

These two volunteers (subjects 1 and 6) gave 
urine samples for the last 4 days of four 7-day study 
periods. (1) First control period: Each subject col- 
lected a lO'hour (7 am to 5 pm) urine sample daily 
for 4 days (one subject missed 1 day of sample collec- 
tion). (2) Low-dose period: Each subjea drank 950. to 
1060 ml grapefruit juice a day for 7 days and gave 
10-hour urine samples for the last 4 days of the 7-day 
period. (3) High-dose periodr .Each subject drank 1900 
to 2100 ml (double volume of low-dosc period) grape- 



fruit juice for 7 days and gave daily 10-hour urine 
samples for the last 4 days. (4) Second control period: 
Each subject gave daily 10-hour urine samples for 4 
days after 3 days of a washout period. 

In vivo metabolic balance study 

Protocol. Two different healthy male volunteers 
(aged 26 and 31 years), not previously screened for 
responsiveness to grapefruit juice, gave informed writ- 
ten consent and were admitted to the clinical research 
center for 3 weeks. An evaluation before the study 
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EFFECT OF DIFFERENT DOSES OF GRAPEFRUIT 
JUICE ON URINARY CORTISONE TO CORTISOL RATIO 
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Fig. 3. Urinary cortisone/cortisol ratios in subjects in dose-response study. Each period 
include four daily urine collections. Each urine sample was assayed twice, each assay in 
duplicate. Each point represents a single assay (four points per daily urine). 



showed normal physical findings, serum chemis- 
try, hematology, and ECG for both subjects. They 
ate a diet that had a constant amount of sodium 
and potassium during the study (potatoes, ba- 
nanas, and lemonade during control periods to 
balance the grapefruit juice during the experimen- 
tal period). Their blood pressures and body 
weights were measured daily. Twenty-four-hour 
urine was collected for free cortisone, Cortisol, 
Na"^, and K"*" for the last 4 days of three 7-day 
study periods. Blood samples were drawn for Na"^ 
and K*^ for the $ame periods. Plasma renin activ- 
ity, aldosterone and Cortisol, and urinary aldoste- 
rone excretion were measured at the end of each 
period. The first and third weeks were the control 
periods. The second week was the experimental 
period in which 1500 ml grapefruit juice (100% 
from concentrate, Ocean Spray Cranberries Inc., 
Lakeville, Mass.) was consumed daily. 

Statistics. The Bonferroni t test after a one-way 
ANOVA was used to assess statistically significant dif- 



Table I- Inhibition of lip-OHSD. in microsomes 
of guinea pig kidney by various fiavonoids in the 
presence of NAD or NADP 



ICso (imtollL) 



Fiavonoids 



NAD 



NADP 



Quercetin* 


192 i 18 


355 :!: 82 


Apigenin* 


284 ± 25 


125 ± 16 


Kaempferol 
Naringenin* 


322 ± 13 


293 ± 62 


496 ± 77 


264 ± 63 


Hesperetin* 
Naringin* 


769 ± 69 


509 ± 45 


21,191 ± 4,949 


10,550 ± 1,136 


Hesperidin 


>55,000 


>50,000 



Data arc mean values ± SD. 

llp-OHSD, llp-Hydrojcystcroid dehydrogenase; NAD, aicQtinamide 
adenine dinudeodde; NADP. aiconaamide adenine difludeotide phos- 
phate; ICgo. drug concentration thai inhibited the enzyme by 50%. 

V < 0.05; NAD compared with NADP, 

ferences. Statistical significance was assumed when the 
corresponding p values were lower than a = 0.05. 

Approval All human studies were approved by the 
Cornell Institutional Review Board. 
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Fig. 4. Values for subject A in metabolic balance sXMdy. Open bars, Daily urinary sodium 
excretion; solid bars, potassium excretion. The cortisone/cortisol ratios in the grapefruit juice 
period are significantly different from each normal diet period. The urinary free Cortisol during 
grapefruit juice differs significantly from the first but not the second control period. 



RESULTS 
In vitro study 

The renal cortex homogenate obtained from male 
guinea pigs readily converted Cortisol to cortisone 
after 1 hour of incubation at 3T C with NAD or 
NADP as a cofactor. There was no difference in the 
conversion rate between NAD and NADP (mean ± 
SD, 75.1% ± 7^3% with NAD versus 71,0% ± 6,85% 
with NADP; p > 0.05). However, the Michaelis- 
Menten constant (K„) values for NAD and NADP 
calculated from the double redprocal plots were sig- 
nificanUy different (36.4 ± 7.02 ixmoUL with NAD 
versus 57.6 * 13.1 ^jnol/L with NADP; p < 0.05). 

Each flavonoid inhibited the enzyme in a 
concentration-dependent manner. The inhibition 
rates for most flavonoids with use of NAD differed 
from that with use of NADP (Fig, 2): The IC^ 
values of the flavonoids to inhibit the NAD- or 
NADP-utilizing form of lip-OHSD are given in 
Table r, Quercetin was the most potent inhibitor 



with NAD; apigenin, kaempferol, and naringenin 
had similar potencies. Apigenin was found to be the 
most potent inhibitor with NADP, whereas the po- 
tency of naringenin, kaempferol, and quercetin were 
similar. Naringin and hesperidin were poor inhibi- 
tors, and their IC50 values were much less than that 
of their aglycons, naringenin and hesperetin. The 
IC50 values of each flavonoid with use of NAD as a 
cofactor differed from the IC50 values with NADP as 
the cofactor, except for kaempferol. 

In vivo dose-response study 

The two subjects who drank grapefruit juice 
showed a dose-dependent decrease in their urinary 
cortisone/cortisol ratios, indicating inhibition of 
llp-OHSD by grapefruit juice (Fig. 3). Each 4-day 
period was statistically significantly different from 
the control periods, and the low- and high-dosc 
periods differed in subject 1 statistically and in sub- 
jea 6 nuitiericaliy but not statistically. 
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SUBJECT B 



I NOR MAL DIET fefigaamWT JWCE'^M NORMAL OIET ~1 



"^Sodium 
^Potassium 




Day 1 2 3 4 5 6 7 8 9 10 II 12 13 U 15 16 17 18 19 20 21 

Urinaiy 

cortisooe/coitisol 3.7 3.8 3:6 13 1-8 >^ 1-6 1.8 



3.4 3.8 4.3 3.7 



Plasma Cortisol 
(mcg/dl) ^'^ 


10.9 


9.6 


10.0 


Plasma renin 
activity{ng/ml/hr) ''^ 


3.5 


23 


2.1 



Fig. 5, Values for subject B in metabolic balance study. Open bars, Daily urinary sodium 
excretion; solid bars, potassium excretion. The cortisone/cortisol ratios and the urinary free 
Cortisol during the grapefruit juice period are significantly different from both control penods. 



In vivo metabolic balance study 

The actual values for each subject are presented 
in Figs. 4 and 5. The mean ratios 6f. the uri- 
nary cortisone to Cortisol fell with grapefruit juice, 
and recovered during the second control period 
(mean ± SD, 327 ± 0.48 during the first control 
period, 1.88 ± 0.28 during the grapefruit juice pe- 
riod, and 3.52 ± 0.46 during the second control 
period). Urinary free Cortisol levels also were in- 
creased during the grapefruit juice period and re- 
turned to the control level after subjects ceased to 
drink grapefruit juice (mean ± SD, 34.3 ± 19.0 for 
the first control period, 58.2 ± 9.2 for the grapefruit 
juice period, and 26.3 ± 12.9 for the second control 
period; p < 0.05 for each control period compared 
with grapefruit juice period). There was a little 
change in the body weight during the study (67.3 t 
0.4, 67.8 ± 03, and 67.5 ± 0,1 kg for subject A and 
73.5 ± 0.8, 74.4 ± 0.2, and 74.4 ± 0,1 kg for subject 
B, in the first control, grapefruit juice, and second 



control periods, rcspcctwely). The urinary sodium 
and potassium values were variable during the study. 
There were no significant changes in plasma potas- 
sium levels and blood pressure values during the 
study. 



DISCUSSION 

Grapefruit juice is known to inhibit the ^^st-pass 
oxidation of felodipine and nitrendipine,^^'^ pre- 
sumably because of compounds in the juice that 
inhibit cytochrome P450 3A. We did this study to 
learn if it also inhibited another in vivo oxidation, 
that of lip-OHSD. We tested several flavonoids 
present in grapefruit juice for their ability to inhibit 
llp-OHSD from guinea pig renal cortex microsomes. 

The two different isoforms of the enzyme. naD- 
dependent and NADP-dependent llp-OHSD, had 
different values for Cortisol, and the flavonoids had 
different IC^ values for the two forms. We confirmed 



♦ 

{ 



FROM BIOMEDICAL INFORMATION SERVICE 



70 LeeetaL 




the finding of Walker et al.!^ of similar conversion 
rates for the two forms. 

There are a number of flavonoids in grapefruit 
juice. Naringin is the most abundant fiavonoid, 
present in concentrations of up to 1 mmol/L.^^ It is 
thought to be converted to the aglycone naringenin 
in the intestine after oral administration. Because 
the flavonoids in grapefruit juice inhibited llp- 
OHSD in vitro, we evaluated the ability of grape- 
fruit juice to inhibit the enzyme in vivo. Drinking 
grajpefruit juice lowered the urinary cortisone/corti- 
sol ratios in the two investigators and both inpatient 
subjects, indicating in vivo inhibition of the enzyme. 
At the doses consumed, it did not change renal 
electrolyte clearance. Natural licorice in veiy high 
doses causes mineralocorticoid effects by inhi- 
bition of this enzymc.'^'^^ We think that grape- 
fruit juice inhibited llp-OHSD, but the effect was 
too mild to cause electrolyte changes in these 
subjects because their urinary free Cortisol did not 
exceed the normal range. A possible alternative 
explanation is that ring A reduction of Cortisol 
and not llp-OHSD inhibition is the major cause 
of the syndrome of apparent mineralocorticoid 
excess.^^^^ 

If the conventional view that lip-OHSD inhibi- 
tion is the cause of the syndrome, and if there are 
differences in different people*s enzyme sensitivity 
to these inhibitors, as we found with different straiiis 
of guinea pigs for gossypol inhibition,^ some people 
may increase their potassium clearance if they drink 
large amounts of grapefruit juice. Furthermore, fla- 
vonoids are sold in tablet form in health food stores 
and drug stores. If people take large quantities of 
flavonoids as dietary supplements, it is possible that 
the flavonoids may cause sufficient lip-OHSD inhi- 
bition to produce the syndrome of apparent miner- 
alocorticoid excess. 

We thank Patricia Danton for her help. 
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A Novel llj?-Hydroxysteroid Dehydrogenase Inhibitor 
Contained in Saiboku-To, a Herbal Remedy for 
Steroid-dependent Bronchial Asthma 

MASATO HpMMA, KITARO OKA. tOMOYUKJ NllTSUMA* AND HISAO ITOH* 

Departmm <ff Clinical Pharmacology, Tokyo College of Pharmacy, Horinouchi, Hachwji, Tokyo 192-03, Japan, 
and •Third Internal Medicine, TiAyo Medical Collfge Hospital, Shinjukwku, Tokyo 160, Japan 

Abstnct-To identify the inliibitor of prednisolone metabolism contained in Saiboku-To, weconduaed in- 
vitro experiments of ll/}-hydroxysteroid dehydrogenase (ll^-HSD), using rat liver homogenatc and 
Cortisol as a typical substrate. We studied the eflfects of ten herbal constituents on 1 1^-HSD. Five herbal 
extracts showed inhibitory activity with Gfycyrrhiza glabra> Perillae frutescens> Zizyphus vulgaris 
> Magnolia officinalis > Scutellaria baiealensis^ This suggests that unknown ll^-HSD inhibitors are 
contained in four herbs other than G, glabra which contains a known inhibitor, gilycyrriuzin (and 
glycyrrhetinic add). Seven chemical constituents which have been identified as the major urinary products 
of SaibokU'To in healthy and asthmatic subjects were studied; magnolol derived from M. officinalis showed 
the most potent inhibition of the enzyme (IC50, 1-8 x lO"'* m). Although this activity was less than that of 
glycyrrhizin, the inhibition mechanism (non-competitive) was different from a known competitive 
mechanism. These results suggest that magnolol might contribute to the inhibitory effects of Saiboku-To on 
prednisolone metabolism through inhibition of 1 1^-HSD. 



Saiboku-To is the most popular anti-asthmatic Chinese 
herbal medicine (Kampo medicine in Japan) and has been 
used for corticosteroid-dependent asthma to obtain a ster- 
oid-sparing effect in prednisolone therapy (Nagano et al 
1988). On the basis of animal experiments, the mechanism of 
action of Saiboku-To has been attributed to hormonal 
stimulation of the adrenal cortex (Hiat et al 1981; Shimizu et 
al 1984) and synergistic adjuvant effects on autacoid secre- 
tions (Toda et al 1988) or allergic reactions (type I and IV) 
(Nishiyori et al 1983, 1985). 

Recently, we proposed another mechanism which involves 
suppression of the systemic elimination of prednisolone 
(Taniguchi et al 1992). This pharmacokinetic effect seemed 
to result from 11^-hydroxysteroid dehydrogenase (11^- 
HSD) metabolic enzyme inhibition, because plasma predni- 
solone/prednisone ratios following Saiboku-To administra- 
tion increased significantly (Taniguchi et al 1992). Since 
other Kampo-preparations containing Glycyrrkiza glabra 
did not show an effect on prednisolone pharmacokinetics 
(unpublished data), the effect of Saiboku-To could not be 
explained by known enzyme inhibitors such as glycyrrhizin 
and its aglyconc glycyrrhetinic add, which arc contained in 
G. glabra. These observations suggested that Saiboku-To 
must contain as yet uncharacterized 1 1^-HSD inhibitors. 

In the present study, we carried out in-vitro experiments of 
1 1^-HSD inhibition using Cortisol and rat liver homogenate. 

Materials and Methods 

Materials 

Saiboku-To {TJ-96, Tsumura Co., Tokyo, Japan) consists of 
fine brownish granules containing ten different herbal 
extracts (Table I). Original herbs used for the assay were 

. Correspondence: M. Homma, Department of Qinicat Pharma- 
cology, Tokyo College of Pharmacy, Horinouchi, Hacfaioji. Tokyo 
192-03, Japan. 



purchased from Uchida Wakanyaku Co. (Tokyo, Japan). 
The extracts of Saiboku-To and of original herbs were 
prepared as follows. One gram Saiboku-To or the crushed 
herb in 15 mL 35% ethanol was gently refluxed for 1 h on a 
steam bath. After cooling to room temperature, water was 
added to make a total volume of 10 mL before centrifugation 
at 1^ ; for 10 min. The resulting supernatant was used for 
the assay. 

Glycyrrhizin, glycyrrhetinic acid, wogonin, and baicalein 
were purchased from Wako Pure Chemicals (Osaka, Japan). 
Magnolol and honokiol were donated by Professor Y. 
Sashida of Tokyo College of Pharmacy (Fujita et al 1973). 
Medicarpin and oroxylin A were kindly contributed by 
Professor T. Nomura of Toho University School of 
Pharmacy (Tokyo, Japan) and Tsumura Co., respectively. 
8,9-Dihydroxydihydromagnolol was prepared by us from 
magnolol by osmic acid oxidation (Honuna et al 1992). 
Liquiritigenin. was isolated from G. glabra according to 
Shibata & Saitoh (1978). Chemical structures of these 
compounds are given in Fig. 1. Cortisol and cortisone were 
purchased from Sigma Chemical Co. (St Louis, MO, USA). 
Other organic and inorganic reagents were of analytical 
grade. 

Rat liver homogenates were prepared in the usual manner: 
fresh liver was isolated from a male Wistar rat (freely fed, 
body weight 250 g) and was cut into small pieces. The pieces 
were homogenized in 10 vol 0-25 m sucrose in a glass 
homogcnizer with a Teflon piston. The homogenates were 
frozen at -SOX and stored until incubation. 

Instruments 

Our HPLC system for determination of glucocorticoids in 
incubation mixtures consisted of a solvent delivery pump 
(VIP-I, Jasco, Tokyo), a UV-detecior (Uvidec-1 00-111, 
Jasco), a single pen recorder (Pantos U-228, Nippon Denshi, 
Tokyo), a sample injector with a loop volume of 100 /iL 
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Table I. Herbal composition of Saiboku-To. 



ConsUtueat herb Family 

Bupletavm falcatum L. UmbeUiferae 

PineUia temata Beitenbach Araceae 

Porta cocos Wolf. Polyporaoeae 

Seuulhria bcdcalensis Gtorgi Labiatae 

Zizyphus vulgaris Lam. Rhamnaccac 

Panax ginseng C. A. Meyer Araliaceae 

Magnolia offteinalis Magooliaceae 

Glyevrrhiza glabra L. Lenuninosae 
PerUloBfruiescens Britton var. acuta Kudo Labiatae 

Ztigiber cffidnale Roscoe Zngtberaoeae 



ComposttioD (%y w/w) 
20-6 
14-7 
14-7 

8-8 
"8-8. 

8-8 

88 

5-9 

5-9 

3-0 



(Model 7125, Rhcodync, CA, USA), and a silica gel column 
(LiChrosorb Si-60, 5 /iih, i.d. 4 mm k 250 mm, Merck, 
Darmstadt, Germany). The mobile phase was a mixture of 
watcr/mclhanol/dichloromeihanc/n-hcxanc (0- 1 /80/30 0/ 
61-9 v/v) with a flow rate of 1-5 mL min"'. Detector 
sensitivity was set at 0-005-0 01 aufs at 245 nm. We used a 
disposable syringe minicolunm (Extrashot, Kusano Sci. Co., 
Tokyo) to perform sample injections (Homma ct al 1989; 
Kouno ct al 1990). 

Determination of IJP-HSD inhibition activity 
We measured ll^-HSD activity in rat liver homogenatc 
incubation mixtures, detecting chemical transformation of 
Cortisol to cortisone in the presence of ! 1/J-HSD inhibitors. 
Oxidation at the C-II position of the steroid nucleus was 
lunetically characterized by measuring the conversion rate of 
Cortisol to cortisone in the presence of NADP+ in rat liver 
homogenatc according to the procedure of Motider et al 
(1989) with minor modification. The incubation mixtures 



consisted of 620 /d. 0* I m Tris-HCl buffer (pH 8*5) contaimng 
0 014% Triton-X, 50 5 mw NADP*, 100 /iL rat liver 
homogenate. and 200 fiL aqueous solution for Saiboku-To 
and original herbal extracts or 200 txL buffer solution for 
each chemical such as the known inhibitors (glycyrrhizin and 
glycyrrhetinic add) and our candidates isolated from urine 
of subjects receiving the preparation. These chemicals were 
dissolved in a bulfer solution directly or after pre*solubiliza- 
tion in a small amount of ethanol with a final concentration 
in incubation mixtures of less x\^ 2%. After 10 min pre- 
incubation at 3r*C, 200 fiL 0-3 mM Cortisol was added and 
the resulting mixtures were further incubated for 1 0 min. The 
enzyme reaction was terminated by an addition of 100 /iL 5% 
sulphuric acid. Cortisol and cortisone in the mixtures were 
determined by HPLC using Extrashot as described in our 
previous papers (Homma ct al 1989; Kouno et al 1990). 
Briefly, 5 fiL incubation mixture and 2 fiL sodium hydroxide 
solution were loaded onto Extrashot which was then 
atUched to the sample-loading injector of the HPLC system. 



MagnoSa officinoUs 




Scuieffsfis baica/ensis 




DUiydroxydihydroniaonotol 




HO 



Honokkri* 





Known Inhibitors 
OH n 




.^COOH 



^Mii O^yntMStinic add 
IMGhiouionkla^s: G^cynNzin* 

To aL^^Sn^^"^ ^^^^ compounds. * These compounds have not been detected in urine following Saiboku- 
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Ethanol/dichloromcthanc (2/98 v/v, 130 fiL) was injected 
into the system through Extrashot using a tuberculin glass 
syringe. Thus, extraction and injection of the glucocorticoids 
in the incubation mixtures were achieved simultaneously. 
The recovery rates of glucocorticoids from the incubation 
mixture were more than 95% with coefficient of variations 
less than 5%. Direct peak-height calibration Of the test and 
control mixtures afforded inhibitory activity (% inhibition) 
of the test materials against 1 1^«HSD. 

Results 

Effects of herbal extracts 

Effects of original herbal extracts on conversion of Cortisol to 
cortisone by rat liver homogenate were compared with that 
of Saiboku-To (Table 2). Cortisone production in the 
leaction mixtuie was significaintly inhibited by Saiboku-To 
and five original herbal extracts (P < 0 05), The magnitude of 
the inhibition (% inhibition) was in the order Saiboku-To 
(87-5%) >(/. glabra (80*8%) >Jf». frutescens (30-9%) >Z. 
vulgaris (27*6%) >A#. officinalis (I9 !8%)>5. baicaiensis 
(19-1%). 

Effects of urinary metabolites of Saiboku-To 

Seven candidates (Fig. I) were tested with respect to the 



Table 2. Effects of Saiboku-To and iu constituent 
herbal extracts on U^hydroxysteroid dehydrogenase 
in rat liver homogenate. 



NOVEL 1 1^'HSD INHIBITOR IN SAIBOKU-TO 

A 







% activity of 




% inhibition* 


Saiboku-To 


SaibokU'To 


87-5 ±3-4** 


100^ 


B.falcatum 


7-715-7 


8-8 


P. temata 


5-8±4-2 


6-6 


F. cocos 






5. baiealensis 


l9'l±U-5* 


21*8 


Z, vulgaris 


27-6 ±4-0** 


31-5 


P. ginseng 


10*9±6'9 


12-5 


M. officinalis 


19'8±3*7'' 


22-6 


G. glabra 


80-8 ± I 0** 


923 


frutescens 


30^±9-6** 


35-3 


Z. officinale 


12-8 ±8-7 


14-6 



' 'Data ate presented as meanits.d. or triplicate 
experiments. •?<0*05» ••J*<0-01 compared with oon- 
uol. 



Table 3. Inhibition of ll^hydroxysicroid dehydrogenase by uri- 
nary metabolites of Saiboku-To and known inhibitors. 



Inhibition (%) 



Inhibiior 

Urinary metabolites of Saiboku-To 
Magnolol 

Dibydroxydihydromagnotol 

Wogonin 

Baioilein 

Oroxylin A 

Liquiritigenin 

Medicaipin 

Known inhibitors 
Glycyrrhizin 
Glycyrrhetinic add 



10 /IM 

15 I ±4-4 
6-8 ±1-6 



8l-l±5-4 
100-0 



100 MM 

43-9 ±3 0 

7-4±0'8 
14-8 ±1-6 
5-1 ±5-5 

!2-2±33 
97-3±l 1 



L 



307 
C 



ill 



0 3 6 d 



0 3 6 9 



0 3 6 9 
Time (min) 

Fio. 2, Chromatographic comparison of the effect of magnolol (100 
/iM) on transformation of Cortisol (peak I) to cortisone (peak 2) by 
n^hydroxystcroid dehydrogenase, A. Before incubation with 
magnolol; B. after incubatioQ without magnolol; C. after incubation 
witE magnolol. 




9 8 7 6 5 4 
-Log concn (M) 

Fio. 3, Dosc-dcpendcnt inhibitory effects of magnolol (•), honokiol 
(O), glycyrrhizin (a). glycyrrhetinic acid (a) on UjS-hydroxy- 
steroid dehydrogenase. DaU are presented as mcan±$.d. of tripli- 
cate experiments. 



effects on rat liver I l^-HSD at concentrations of 10 and 100 
/iM, the results were compared with those of the known 
inhibitors, glycyrrhizin and glycyrrhetinic acid (Tabic 3). 
Five of seven candidates showed inhibitory activity at 100 
IM^ although their activities were weaker than those of the 

known inhibitors, Dihydroxydihydromagnolol in Af, (#c/- 

nalis and liquiritigenin in (7. glabra did not show any activity 
at the test concentrations. Wogonin, baicalein, and oroxylin 
A (flavonoids derived from S. baicalensis), and medicarpin (a 
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0.02 0.04 
1/concn M 



FtG. 4. Liaewcavcr-Burlc double reciprocal plots of initial enzyme 
velocity and concentration of Cortisol in the presence of magnolol at 
concentrations ofO (O), 0-1 015 {a), and 0-2 (▲} niM. 

homoisoflavottoid in G, glabra) showed weak activity. 
However, considerable inhibition was observed with mag- 
nolol, a neolignan derived from M. officinalis. A typical 
chromatogram for determination of the inhibitory activity of 
magnolol is shown in Fig, 2, where the chemical transforma- 
tion from Cortisol to cortisone was clearly suppressed. The 
dose-dependent inhibitory effect of magnolol is compared 
with those of glycyrrhizin and glycyrrhetinic acid in Fig. 3. 
The IC50 values of magnolol, glycyrrhizin, and glycyrrheti- 
nic add were l-SxlO"*, 2-6x10-*, and 90xl0-* M, 
respectively. Since officmaOs contains another congener 
of magnolol, honokiol (not a urinary metabolite), we also 
examined the eSed of honokiol on 11^-HSD and found a 
dose-dependent inhibitory effect with IC50 of 7 0x 10'^ M 
(Rg^3). 

Mechanism of magnolol in Jip^HSD inhibition 
Fig. 4 shows the inhibitory effects of magnolol on rat liver 
ll^-HSD. The data were plotted according to the Line-' 
weaver-Burk linear transformation of the Michaelis* 
Menten equation. The double reciprocal plots on Fig. 4 
suggested magnolol has a unique non-competitive inhibitory 
mechanism. We were unable to estimate an inhibition 
consunt (K4) of magnolol by the Dixon plot because of this 
non-competitive inhibition. 
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activity against ll^HSD in-vitro (Table 3), The intensities 
of those activities were almost equal to those of the 
corresponding herbal extracts, except that C. glabra^ con- 
taining glycyrrhizin. concealed the effects of Hquiritigenin 
and medicarpin. Magnolol exhibited activity at concentra- 
tions higher than 1 x 10-* m (Fig. 3). Similar activity was also 
observed in honokiol, a hydroxylatcd derivative of magnolol 
isolated from officinalis but not found as a urinary 
metabolite of Saiboku-To. 

The novel 1 1/J-HSD inhibitors found in this study belong 
to a class of phenolic compounds, lignans and flavonoids, 
whose chemical structures are completely different from 
those of the previously described inhibitors. Unexpectedly, 
the inhibition mechanism of magnolol seems to be different 
from those of the known inhibilors, the latter exhibiting 
competitive inhibition (Monder et al 1989). Although lljS- 
HSi3 inhibitors have been considered so far to belong to a 
limited class of liquorice triterpenoids. the present results 
suggested that the naturally occurring lignans and flavonoids 
also possess inhibitory activity through a different mechan- 



0.06 



This paper suggests the presence of several novel inhibitors 
of 1 1^-HSD in five constituent herbs. G. glabra^ F.frutes- 
cenSy Z. vulgaris, Af , officinalis and S. baicalensis. Although 
these inhibitors seem to contribute to in-vitro activity of 
Saibokii-To, their contributions to prednisolone metabolism 
during clinical Saiboku-To treatment has been unclear. 
However, we emphasize the importance of this possibility,, 
since our biologically active compounds in herbal medicine 
are found in biofluids following administration (Honuna et 
al 1992, 1993a). 

In our previous study, we found seven phenolic com- 
pounds in urine after oral administration of Saiboku-To 
(Homma et al 1992, !993a, b). These compounds seemed to 
be possible candidates which explain in-vivo effects of 
Saiboku-To. Five of these compounds showed inhibitory 



Urinary non-conjugated magnolol in responders to Sai- 
boku-To is significantly higher than that in the non- 
responders (Homma et al 1993a, b). This suggests that 
magnolol is an indportant chemical constituent for the 
clinical effects of Saiboku-To, playing an important role for 
alteration of prednisolone pharmacokinetics. 

The inhibitory effects of liquorice glycosides on 1 1 /}-HSD 
are so marked in animal experiments in-vivo and in-vitro 
(Monder et al 1989; Mackenzie et al 1990), that Saiboku-To 
could inhibit 1 l^HSD even though the glycyrrhizin content 
is relatively small. However, the effect of Saibofcu-To cannot 
be explained by glycyrrhizin alone, because another Kampo 
preparation, Sho-Saiko-To which contains G. glabra but not 
A cocost M. officinalis or P. frutescens^ did not affect 
prednisolone pharmacokinetics in healthy subjects (unpub- 
lished data). Animal experiments using pure compotmds will 
be needed to clarify the role of tignans and flavonoids on 
prednisolone metabolisoL 
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IN THE UNITED STATES PATENT AND TRADEMARK QFFTrF. 

Applicant(s) : Walker et al. 

Serial No. : 09/029,535 

Filed : February 27, 1998 

For : REGULATION OF INTRACELLULAR 

GLUCOCORTICOID CONCENTRATION 

Examiner : B. Badio 

Group Art Unit : 1616 

745 Fifth Avenue, New York, NY 10151 

COMMUNICATION AFTER INTERVIEW: 
FORWARDING PRESENTATIONS AND DECLARATIONS; AND 
COMMENTING ON CLE AR CONTROLLING LAW THAT SUPPORTS iU.LQWANCE 

Assistant Commissioner for Patents 
Washington, D.C. 2023 
Dear Sir: 

This is further to the October 2, 2001 personal interview attended, for Applicants, by 
Professors Jonathan R. Seckl and Brian R. Walker from the University of Edinburgh, Scotland, 
Dr. Antonio Maschio from D Young & Co., Southampton, England, and the undersigned, 
Thomas J. Kowalski from Frommer Lawrence & Haug LLP, New York, New York; and, by 
Examiner Badio, SPE Dees, and Practice Specialist Brian Stanton, for the USPTO, who are 
thanked for their courtesies. 

REMARKS 

During the interview, the undersigned and Applicants Walker and Seckl gave a 
PowerPoint® slide presentation. For the record, a copy of that presentation is submitted 
herewith. Also, Declarations by Professors Walker and Seckl and Richard R. Seabrook, PhD, 
MBA were presented. The presentations and Declarations are hereby incorporated herein by 
reference. 

Initially, it is respectfully submitted that through the presentations at the interview, 
allowability was clearly and convincingly demonstrated. 

hi the presentation, each and every position in all previous Office Actions was clearly and 
convincingly rebutted; and, controlling case and statutory law was provided in support of 
allowability. 

For instance, it was demonstrated that there are two (2) different isozymes of the enzyme 
(e.g., form 2 - not 1 Ip-HSDl - was that which was responsible for SAME in the male patient 
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exemplified, even though initially it was believed that it was form 1, 1 Ip-HSDl, responsible for 
his condition, showing that art confused what the different forms of the enzyme were indeed 
doing). 

It was also demonstrated that there are five (5) different possible actions in any given cell, 
of form 1, 1 ip-HSDl (e.g., dehydrogenase, or both dehydrogenase and reductase, or no activity 
because not present, or no activity because present and inactive, or a reductase), and that methods 
of the present invention involve inhibiting the reductase activity of 1 1 P-HSDl in adipose and 
neuronal cells. Given that there are five (5) different possible modes of action in any given cell, 
one could not predict the action of the enzyme in any particular cell. 

It was further demonstrated that the action of the enzyme, 1 Ip-HSDl, is cell specific, i.e., 
whether it will follow any one of the five (5) different possible modes of action in any particular 
cell depends on the cellular environment, such that one could not extrapolate firom the art 
involving the activity of the enzyme in one particular type of cell to it activity in another type of 
cell, e.g., one could not extrapolate from kidney or liver to adipose or neuronal tissue. 

Additionally, it was demonstrated that the action of inhibitors of the enzyme, such as 
carbenoxolone, is also cell specific, e.g., no action in skeletal muscle cells and certain brain cells, 
such that one could not expect that carbenoxolone or any particular inhibitor will indeed inhibit 
the enzyme in any particular cell fi-om art involving other cells; and specifically one could not 
predict that inhibitors of the enzyme will so inhibit the enzyme in adipose and neuronal tissue. 

It was even further demonstrated that the present application provides a means for 
determining whether any one inhibitor will indeed inhibit the enzyme in adipose and neuronal 
tissue; and, during the presentation, the inventors provided data showing that by following the 
teachings in the present ^plication other potential inhibitors (firom the prior art) could be 
identified as inhibitors (and indeed were so identified, e.g., as to adipose tissue), such that the 
claim term "inhibitor" is proper under Section 1 12, as well as are the claimed methods for 
identifying an inhibitor. 

Even further still, it was demonstrated that there is direct teaching in the art AWAY firom 
the present invention, e.g., Monder and White unequivocally state that the enzyme in adipose 
cells catalyzes ONLY oxidation. And, even present-day literature teaches that the enzyme is a 
dehydrogenase in adipose cells. 
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Accordingly, Applicants demonstrated that the presence of 1 lp«HSDl in a particular 
tissue and its activity is highly relevant, contrary to, and in direct rebuttal of, the withdrawn July 
1 1, 2001 Office Action that asserts that "[w]hether the prior art teaches the presence of the 
enzymes in a tissue or not is irrelevant." Simply, from the prior art, one could not predict 
whether 1 Ip-HSDl is in a particular tissue or the direction of its activity. 

Applicants have also demonstrated that administration of a compound that inhibits 1 Ip- 
HSDl in a particular tissue does not result in inhibition of the enzyme in all tissues; for instance, 
glycyrrhetinic acid has no effect on 1 1 p-HSDl in the liver, and carbenoxolone has no effect in 
muscle or certain parts of the brain. This is in direct rebuttal to the assertions in the withdrawn 
July 1 1, 2001 Office Action that "[a]dministration of a compound that inhibits o^e or both forms 
of the enzyme (i.e. reductase or dehydrogenase) would result in inhibition of said enzyme(s) in 
all tissues. . . . The ordinary artisan would have the reasonable expectation that the activity of 
carbenoxolone on the enzyme(s) would not be different based on the tissue." Simply, there was 
no reasonable expectation of the activity of an inhibitor, e.g., carbenoxolone, on 1 Ip-HSDl in a 
particular tissue, e.g., adipose or neuronal tissue; and, inhibiting the reductase activity of 1 1 p- 
HSDl in adipose or neuronal tissue was not obvious. 

Applicants have further demonstrated that the art is quite consistent in teaching away 
from the present invention: Monder and White were quite specific, definite, consistent and 
unequivocal in stating that "The 1 1-HSD in human adipose tissue has been reported to catalyze 
only oxidation" (emphasis added); and, recent, post-filing literature still reports the enzyme as 
having dehydrogenase activity in adipose tissue. This directly rebuts the assertion in the 
withdrawn July 11, 2001 Office Action that "[t]aken in [context], Monder and White teach that 
the results of the literature are not consistent and that there are a number of reasons for the 
variation." Simply, the statement by Monder and White cannot be read as anything but a 
definite, consistent, specific and unequivocal TEACHING AWAY from the present invention: 
For instance, if the enzyme is taught as "catalyze[s] only oxidation," i.e. having only 
dehydrogenase activity, in adipose tissue, there is no teaching or suggestion of any reductuase 
activity and no teaching or suggestion or inhibiting reductase activity in adipose tissue or of 
thereby reducing circulating fatty acids or of treating obesity. Ergo, there is no teaching or 
suggestion of the present invention. 
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Even further still, Applicants demonstrated that there was no expectation of the activity of 
1 Ip-HSDl in adipose or neuronal tissue: There was no expectation that llp-HSDl would act as 
a reductase in adipose or neuronal tissue; and, there was no expectation that 1 Ip-HSDl would 
catalyze the conversion of cortisone to Cortisol in adipose or neuronal tissue. This, in addition to 
the foregoing, directly rebuts the assertion in the withdrawn July 11, 2001 Office Action that 
"[T]he ordinary artisan would expect the activity of the enzyme to be identical irrespective of 
where it is found . . , [H]e would expect the reductase found in the adipose tissue to catalyze the 
conversion of cortisone to Cortisol as taught for the reductase in other tissue .... He would also 
expect carbenoxolone to inhibit said conversion ..." Note again that the activity of the enzyme is 
cell-specific; there are two isozymes of the enzyme and five (5) different modes of action of 1 1(3- 
HSDl whereby the particular mode of action in any given cell is cell-specific; and, that the action 
of a putative inhibitor is also cell-specific, e.g., no action by glycyrrhetinic acid on 1 ip-HSDl in 
hver and carbenoxolone has not effect in muscle or certain parts of the brain. 

Applicants yet further still demonstrated that following the teachings in the present 
apphcation, one could identify additional inhibitors of 1 Ip-HSDl in adipose and neuronal tissue, 
without undue experimentation, contrary to the Section 112 rejection in the withdrawn July 1 1, 
2001 Office Action. 

Also, during the interview. Applicants presented secondary indicia of patentability: The 
Declaration of Richard Seabrook, PhD, MBA showing that the present invention meets needs 
that were heretofore unmet and that the present invention has commercial implications such that 
Catalyst Biomedica has invested US$600,000 - in addition to the $3.9 Million funding fi-om the 
Wellcome Trust. And, the during the interview, a further the Declaration by inventors Seckl and 
Walker was introduced. It shows that the technology of the present application is a basis for 
substantial investment by the UK Government and other contributors, including research 
facilities opened by the British Prime Minister and Queen Elizabeth n (more than $60 Million). 
Clearly, the art has recognized that the achievements of the present inventors, as set forth in the 
present application, are novel and nonobvious, e.g., as evinced by the substantial investment by 
the Wellcome Trust, Catalyst Biomedica, the UK Government, and the personal appearances 
with the inventors by the British Prime Minister and Queen Ehzabeth 11; and, so too should the 
USPTO. 
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Thus, there is clear and convincing evidence of the patentabihty of the present invention. 

Furthermore, during the interview, the undersigned discussed how the controlling law 
clearly supports allowance of the present application. 

The undersigned respectfully reminded the participants that the Statute is clear in 
mandating that Applicants shall be entitled to a patent (35 U.S.C. §102), i.e., the USPTO bears 
the burden of proving by at least a preponderance that Applicants are not entitled to a patent; the 
USPTO merely having "a position" is insufficient to deny allowance; and, all evidence of record 
must be considered by the PTO. 

The undersigned explained how xmder Rapoport v. Dement, 59 USPQ2d 1215 (Fed. Cir. 
2001) the preamble in the present claims must be considered as a limitation that imparts 
patentability, and that the intent or purpose of any prior administration of carbenoxolone must 
considered: As there was no intent or purpose for inhibiting the reductase activity of 1 Ip-HSDl 
in adipose or neuronal tissue or for reducing circulating fatty acids or for treating obesity or 
cognitive impairment (or of preventing cognitive impairment) in any previous administration of 
carbenoxolone, any such previous administration of carbenoxolone cannot be an anticipation or 
render the claims obvious. In re Wilson, 165 USPQ 494, 496 (CCPA 1970) and Cont'l Can Co. 
V. Monsanto Co., 20 USPQ2d 1746, 1749 (Fed. Cir. 1991) were also cited and discussed during 
the interview, for the propositions that all words in the claims must be fully considered in 
assessing patentabihty; and, that inherency cannot be established by probabilities or possibilities. 

Further still, In re Shetty, 195 USPQ 753, 756-57 (CCPA 1977) mdin reNaylor, 152 
USPQ 106, 108 were discussed with the view that ''inherent obviousness" - it is respectfully 
submitted - makes no sense: obviousness cannot be predicated on what is unknown, and 
inherency is immaterial if one of ordinary skill in the art would not appreciate or recognize the 
inherent resuU. This led to the discussion of In re Marshall, 198 USPQ 344 (CCPA 1978) which 
held that an accidental or unwitting duphcatioon of an invention cannot constitute anticipation. 

In the present situation, one skilled in the art, at the time of the effective filing date of 
present application, would not have recognized that 1 ip-HSDl is a reductase in adipose or 
neuronal tissue. Indeed, the art unequivocally taught that in adipose tissue 1 Ip-HSDl is a 
dehydrogenase (catalyzes oxidation). Thus, the skilled artisan, at the time of the effective filing 
date of the present application, would not have recognized that any prior administration of an 
inhibitor of 1 Ip-HSDl, e.g., carbenoxolone, would have resulted in inhibition of the reductase 
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activity of 1 ip-HSDl. Indeed, given that the response to any particular inhibitor is cell-specific, 
the skilled artisan, at the time of the effective filing date of the present application, would not 
have recognized that any prior administration of an inhibitor of 1 ip-HSDl, e.g., carbenoxolone, 
would have even resulted in inhibition of 1 Ip-HSDl in adipose or neuronal tissue. Moreover, at 
the time of the effective filing date of the present application, the skilled artisan would not have 
recognized that any prior administration of an inhibitor of 1 Ip-HSDl, e.g., carbenoxolone, 
would have resulted in reducing circulating fatty acids, or treating obesity, or treating or 
preventing cognitive impairment, especially as the skilled artisan would not have recognized that 
the reductase activity of 1 1 p-HSDl in adipose or neuronal tissue would or could be inhibited by 
administration of an inhibitor of 1 1 p-HSD 1 . - ^ 

Thus, the undersigned respectfully reminded the participants that pursuant to In re Fine, 5 
USPQ2d 1596, 1599 (Fed. Cir. 1988) and/« re Dow, 5 USPQ2d 1531-312 (Fed. Cir. 1988) that 
"obvious to try" is not the standard under Section 103, and that one cannot use hindsight 
reconstruction to deprecate the claimed invention. Also, mention was made oiln re Fritch, 23 
USPQ2d 1788 (Fed. Cir. 1992) which requires that the art must provide the suggestion of the 
desirability to modify the prior art to arrive at the present invention {see also In re Geiger, 2 
USPQ2d 1276 (Fed. Cir. 1987) mdin reLaskowski, 10 USPQ2d 1397, 1399 (Fed Cir. 1989). 
Accordingly, the undersigned respectfully asserted that the case law requires that the prior art had 
to have suggested the desirability - or provided the motivation or incentive - of administering an 
inhibitor of 1 1 p-HSDl to reduce circulating fatty acids, treat obesity, treat or prevent cognitive 
disorders, and in general inhibit the reductase activity of 1 1 p-HSDl in adipose and neuronal 
tissue. Given that the prior art fails to provide any teaching, suggestion, motivation, incentive or 
desirability of the present invention, the present invention cannot be considered obvious in view 
of the prior art. 

Thus, Applicants and the undersigned CLEARLY DEMONSTRATED THAT THE 
PRESENT INVENTION CANNOT be anticipated or obvious: Clearly there was no recognition 
in the prior art of the present invention {see, e.g., Marshall case and case law involving 
accidental anticipation: unwitting, unrecognized previous duplication of the invention cannot be 
an anticipation); any previous administration of an inhibitor of the enzyme (e.g., any previous 
administration of carbenoxolone) was not for the intent or purpose of the present invention {see 
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recent Federal Circuit Rapoport case); and, no motivation or incentive in the art to modify the 
prior art to arrive at the present invention (especially in view of teachings away from the 
invention in the prior art), inter alia. 

Simply, any prior administration of an inhibitor of llp-HSDl, e.g., carbenoxolone, is 
insufficient for the PTO to assert that the claimed methods are anticipated or obvious. 

Accordingly, reconsideration and withdrawal of any previous rejections of the present 
apphcation, and prompt issuance of a Notice of Allowance are earnestly solicited.** 



* It is respectfully believed that all of the claims should be under examination because even though Applicants have 
elected Group 11, claims 47-48 and 50-55, the Group I claims have akeady been examined (see August 15, 2001 
Preliminary Submission) and there is no undue or serious burden in examining all of the claimed subject matter) but, 
the undersigned welcomes being advised as to the status of the restriction requirement. Applicants are also amenable 
to working with the USPTO as to various claim forms/claim terms, e.g., obesity, cognitive impairment, etc. 




Respectfully submitted, 
FROMMER LAWRENCE & HAUG LLP 
Attorneys For Applicants 



THOMAS J. KOWALSKI, Reg. No, 32,147 
Tel 212-588-0800, Fax 212-588-0500 

Email TKowalski@FLHLaw.cQm 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



Applicant(s): 



Walker et al. 



Serial No.: 



09/029,535 



Filed: 



February 27, 1998 



For: 



REGULATION OF INTRACELLULAR GLUCOCORTICOID 
CONCENTRATION 



Examiner: 



Dr. Barbara Badio 



Group Art Unit: 



1616 



745 Fifth Avenue, 
New York, NY 10151 



Assistant Commissioner for Patents 
Washington, D.C. 20231 
BY HAND DELIVERY 

Dear Sir: 

PRELIMINARY AMENDMENT AND 
REOUEST FOR INTERVIEW PRIOR TO ANY FIRST OFFICE ACTION 

This is in reply to the March 15, 2001 Final Office Action ("Office Action''), and matters 
discussed during the April 5, 2001 interview among Examiner Barbara Badio, SPE Jose Dees, 
Practice Specialist Brian Stanton, with a Request for Continuing Patent Application having been 
filed by Express Mail on June 15, 2001. 

Furthermore, this is a request for an interview, with supervisory review and attendance by 
a Practice Specialist, which inventors - experts in the field to which the present invention 
pertains - would like to attend and elaborate upon their previously-filed Declaration, prior to any 
first Office Action. 

To assist in the granting of this request, a copy of each case cited herein is attached, so 
that the Examiner, her SPE and the Practice Specialist may have a convenient opportunity, prior 
to the interview, to review the case law;' and, it is further respectfiiUy requested that prior to the 



^ Especially as it is respectfully submitted that the case law supports reversal of Section 103 rejections based on 
alleged inherency because that which is inherent in the prior art, if not known at the time of the invention, cannot 
form a proper basis for rejection of the claimed invention as obvious under Section 1 03, see In re Shetty, 1 95 USPQ 
753, 756-57 (CCPA 1977), and "[t]hat which may be inherent is not necessarily known. Obviousness cannot be 
predicated on what is unknown." Id at 757; see also In re Naylor, 152 USPQ 106, 108 (CCPA 1966) ("[Inherency] 
is quite immaterial if . . . one of ordinary skill in the art would not appreciate or recognize the inherent result"). 
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interview, the Examiner, her SPE and the Practice Specialist fully review the previously-filed 
Declaration. 

The Practice Specialist can be - but need not be - Practice Specialist Brian Stanton who 
participated in the interview as the US PTO is welcome to have any other Practice Specialist or 
other Group 1600 Director's Office personnel or other suitable personnel in attendance, 
especially such personnel who may assist in resolution of issues involving alleged inherency.^ 

Thus, prior to any first Office Action, it is respectfully requested that the Examiner 
telephonically contact Applicants' attorney to arrange a mutually convenient time and manner 
for the herein requested interview and that the herein requested interview be had. 

Accordingly, it is hopefully quite clear; that Applicants would like an interview prior to 
any action on the merits other than a Notice of Allowance, after the Examiner, her SPE and a 
Practice Specialist have reviewed the amendments, remarks and cases herewith, and the 
previously-filed amendments, remarks. Declaration and attachments thereto; and, that 
Apphcants' attomey would like a telephone call from the Examiner to arrange a mutually 
convenient time and manner for such an interview. 

The Group Director is also welcome to attend the herein requested pre-first Office Action 
interview, as well as have someone "fresh" from the US PTO, i.e., US PTO personnel not 
previously involved in the prosecution, be so involved in the interview {see also footnote 2, and 
discussion infra). 

Any fee occasioned by this paper, or any request herein, or for the new claims presented 
herewith, may be charged, or any overpayment in any such fees credited, to Deposit Account No. 
50-0320, 



^ While it is respectfully requested that the Examiner and the Examiner's SPE, and the Practice Specialist previously 
involved in this application take a "fresh look" at the present application, especially as Applicants have pursued a . 
CPA for such a "fresh look," Applicants* attomey respectfully suggests that it may be helpfiil to have an individual 
not previously involved in the prosecution of the present application take a "fresh look" at the present case; and, 
advises that in other cases unrelated to the present application, Mr. Rob Hill has addressed issues involving alleged 
inherency. The US PTO is respectfully invited to have him involved and/or an individual not previously involved in 
the prosecution of the present application. 
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AMENDMENT 

Kindly amend the application, without prejudice, without admission, without surrender of 
subject matter, and without any intention of creating any estoppel as to equivalents, as follows: 
IN THE CLAIMS 

Please add the following claims, without prejudice, without admission, without surrender 
of subject matter, and without any intention of creating any estoppel as to equivalents: 

47. (New) A method for reducing circulating fatty acids from reductase 
activity of 1 1-Beta-hydroxysteroid dehydrogenase 1 (1 1-Beta HSDl) in adipose tissue in a 
patient in need thereof comprising inhibiting said reductase activity of 1 1-Beta HSDl in adipose 
tissue in said patient. 

48. (New) A method for reducing circulating fatty acids from reductase 
activity of 1 1-Beta-hydroxysteroid dehydrogenase 1 (1 1-Beta HSDl) in adipose tissue in a 
patient in need thereof comprising administering to said patient an inhibitor of said reductase 
activity of 1 1-Beta HSDl in adipose tissue, in an amount effective to so inhibit said reductase 
activity of 1 1-Beta HSDl in adipose tissue. 

49. (New) A method for determining whether a compound or composition 
inhibits reductase activity of 1 1-Beta-hydroxysteroid dehydrogenase 1 (1 1-Beta HSDl) in 
adiopose tissue comprising 

obtaining reductase activity of 1 1 Beta HSDl in an isolated in vitro adipocyte cell 
population, and 

determining whether said compound or composition inhibits said reductase activity of 1 1 
Beta HSDl in the isolated in vitro adipocyte cell population, and thereby determining whether 
said compoimd or composition inhibits reductase activity of 1 1 Beta HSDl in adipose tissue. 

50. (New) The method of claim 47 wherein the inhibiting is by administering 
carbenoxolone or a pharmaceutically acceptable salt thereof 

5 1 . (New) The method of claim 48 wherein the inhibitor is carbenoxolone or 
a pharmaceutically acceptable salt thereof 

52. (New) A method for reducing circulating fatty acids from reductase 
activity of 1 1-Beta-hydroxysteroid dehydrogenase 1 (1 1-Beta HSDl) in adipose tissue in a 
patient in need thereof comprising 

determining reductase activity of 1 1 Beta HSDl in adipose tissue, and 
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inhibiting said reductase activity of 1 1-Beta HSDl in adipose tissue in said patient. 

53. (New) A method for reducing circulating fatty acids from reductase 
activity of 1 l-Beta-hydroxysteroid dehydrogenase 1 (1 1-Beta HSDl) in adipose tissue in a 
patient in need thereof comprising 

determining reductase activity of 1 1 Beta HSDl in adipose tissue, 

determining whether a compound or composition inhibits said reductase activity of 1 1 

Beta HSDl in adipose tissue, and 

administering to said patient said compound or composition which inhibits said reductase 

activity of 1 1-Beta HSDl in adipose tissue, in an amount effective to so inhibit said reductase 

activity of 1 1-Beta HSDl in adipose tissue. 

54. (New) The method of claim 52 wherein the inhibiting is by administering 
carbenoxolone or a pharmaceutical^ acceptable salt thereof. 

55. (New)' The method of claim 53 wherein the compomid or composition 
which inhibits said reductase activity of 1 1-Beta HSDl in adipose tissue is carbenoxolone or a 
pharmaceutically acceptable salt thereof. 
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REMARKS 

Reconsideration and withdrawal of the rejections of the application, in view of the 
amendments, remarks and Declaration and attachments thereto previously filed (incorporated 
herein by reference), and the amendments, remarks and attachment hereto, and the matters 
^scussed at the April 5, 2001 interview, and an interview with the inventors, the Examiner, the 
Examiner's SPE, and the Group Director, if any issue remains as an impediment to allowance 
and prior to any first Office Action on the merits (other than a Notice of Allowance), are 
respectfiiUy requested, especially as it is eamestly advanced that the amendments, remarks and 
Declaration and attachments thereto previously filed, and the amendments, remarks and 
attachment hereto, and the matters discussed at the April 5, 2001 interview, place the application 
into condition for allowance. 

The attachment hereto is a copy of the cases cited herein, so that all US PTO personnel 
^ may conveniently review the case law. The Examiner, the Examiner's SPE, and a Practice 
Specialist are respectfiiUy invited to review the case law. 

I. THE PATENTABLE CLAIMS 

J Claims 32-55 are now pending, with previous claims 32-46 remaining pending and new 
claims 47-55 addressing methods for reducing circulating fatty acids and methods for 
determining whether a compound or composition inhibits reductase activity of 1 1-Beta- 
hydroxysteroid dehydrogenase 1(11 -Beta HSDl) in adiopose tissue. 

The new claims are supported throughout the application, including in the Examples and 
Figures and text prior to the Examples, and the originally-filed claims; no new matter is added. 

Any fee occasioned by this paper, or any overpayment in such fees, may be charged or 
credited to Deposit Account No. 50-0320. 

It is submitted that the claims, as originally presented, are patentably distinct over the 
prior art cited by the Examiner, and that the claims were in fiill compliance with the 
requirements of 35 U.S.C. §112. Changes to the claims and/or new claims, as presented herein, 
are not made for the purpose of patentability within the meaning of 35 U.S.C. §§101, 102, 103 or 
112. Rather, these changes are made simply for clarification and to roimd out the scope of 
protection to which Applicants are entitled. 
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Accordingly, the amendments herewith are without prejudice, without admission, without 
surrender of subject matter, and without creating any estoppel as to equivalents. 



11. THE SECTION 112 REJECTIONS ARE OVERCOME 

Claims 32 and 35-36 were rejected under 35 U.S.C. §112 {Office Action, at pages 2, 3, 9- 
10) with the Office Action asserting that the specification lacks structural formulae for 
compounds encompassed by the phrase "inhibitor of said reductase activity of 1 1-Befa HSDl or 
description of other compoxmds encompassed by the phrase.^ 

In contrast, the previously-filed January 26, 2001 Declaration by the inventors - experts 
in the field to which the present application pertains - clearly and convincingly shows that the 
skilled artisan is well aware of that which is an inhibitor of 1 1-Beta HSDl / 

Attention is respectfully directed to paragraphs 32, 33 and 34 of the January 26, 2001 
Declaration and the documents cited therein, especially: 

Monder and White, Vitamins and Hormones, 47: 1 87-27 1 (1 993), e.g., pages 1 96- 
198 which provides a list of inhibitors in Table IV, 

Gomez-Sanchez et aL, "Central hypertensinogenic effects of glycyrrhizic acid and 
carbenoxolone," Am J Physiol 263 (6 Pt 1): El 125-El 130 (1992), which shows that 
licorice, glycyrrhizic acid, and carbenoxolone were known mhibitors, as well as that the 
infusion of glycyrrhizic acid and carbenoxolone into the lateral ventricle of the brain of 
the rat at doses less than that which has an effect when infused subcutaneously, produces 
hypertension, showing that such compounds were administered subcutaneously, orally, 
and by infusion. 



^ The Office Action at page 10 also quotes Section 1 12, second paragraph, and asserts that the claims are allegedly 
indefinite; but, there is no rejection under Section 112, second paragraph in the body of the Office Action. 
Rather, the Office Action at page 3 states that the rejection under Section 1 12, second paragraph was mooted by the 
Amendment filed January 29, 2001. Thus, while it is respectfully submitted that issue was not met at the point 
of the March 15, 2001 fmal Office Action, especially in view of issues such as a potential lack of clarity as to 
whether there was or was not a Section 112 rejection, Applicants nonetheless filed a CPA, to give the US PTO 
an opportunity to take a fresh look at the present application, and help Applicants obtain a patent. Applicants 
look forward to the opportunity to work with the US PTO in obtaining a patent from this application; and, this too is 
a reason for the herein requested pre-first Office Action interview, 

^ It is respectfully noted that the opinions and evidence provided in the January 26, 2001 Declaration should have 
been accorded the greatest of weight; and should have been found to be persuasive. Simply, it is respectfully noted 
that the declarants are experts in the field to which the present application pertains. 
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Whorwood et al., "Licorice inhibits 1 1 beta-hydroxysteroid dehydrogenase 
messenger ribonucleic acid levels and potentiates glucocorticoid hormone action," 
Endocrinology 132 (6): 2287-92 (1993), 

Homma et al, "A Novel 1 1 p-Hydroxsteroid Dehydrogenase Inhibitor Contained 
in Saiboku-To, a Herbal Remedy for Steroid-dependent Bronchial Asthma," J. Pharm 
Pharmacol 46:305-309 (1994), 

Zhang et al., "Inhibition of 1 ip-Hydroxysteroid Dehydrogenase Obtained from 
Guinea Pig Kidney by Furosemide, Naringenin and Some Other Compounds," J Steroid 
Biochem Molec Biol 49(l):81-85 (1994), and 

Lee et al., "Grapefiiiit juice and its flavenoids inhibit 1 1 p-hydroxysteroid 
dehydrogenase," Clin Pharmacol Ther 59:62-71 (1996). 

These documents evince numerous known inhibitors that can be administered in known 
ways (both in terms of doses and routes of administration), such as flavenoids, which "are sold in 
tablet form in health food stores and drug stores," and herbs or constituents of herbs. See also 
Morris et al., "Endogenous 1 1 beta-hydroxysteroid dehydrogenase inhibitors and their role in 
glucocorticoid Na+ retention and hypertension," Endocr Res 22(4):793-801 (1996) (cited by the 
declarants: progesterone metabolites as inhibitors, and progesterone is also a substance that can 
be administered - both in terms of doses and routes of administration - without undue 
experimentation). 

The test is whether one skilled in the art could make or use the claimed invention from 
the disclosure in the application, coupled with information known in the art, without undue 
experimentation. See, e.g., United States v. Telectronics, Inc., 857 F.2d 778, 8 USPQ2d 1217 
(Fed. Cir. 1988); In re Stephens, 529 F.2d 1343, 188 USPQ 659 (CCPA 1976). And, it is well 
settled law that a patent application need not teach, and preferably omits, what is well known in 
the art. See, e.g., Spectra-Physics, Inc, v. Coherent, Inc, 827 F.2d 1524, 3 USPQ2d 1737 (Fed. 
Cir. 1987). 

By using the term "inhibitor" Applicants taught and enabled the inhibitors that were 
known and the routes of administration of such inhibitors; and, the skilled artisan appreciated 
that which was meant by the term "inhibitor". 

The Section 112 rejections, it is respectfiiUy submitted, were misplaced, failed to 
consider the evidence provided by the Declaration, and are not in accordance with the law. 
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Even further still, the skilled artisan can practice the claimed invention by determining 
that 1 1 Beta HSDl has reductase activity in adipose tissue, and testing compounds or 
compositions that inhibit this activity, in accordance with the teachings in the application, 
without any undue experimentation. 

33ie Office Action, it is respectfully submitted, has failed to meet the burden of the law. The 

key question is whether, in this particular case, it would require undue experimentation to practice 

the claimed invention. According to the Court of Appeals for the Federal Circuit in the case of In re 

Wands, 8 U.S.P.Q. 2d 1400 (Fed. Cir. 1988), 

Enablement is not precluded by the necessity for some 
experimentation such as routine screening. However, 
experimentation needed to practice the invention must not be undue 
experimentation. 'The key word is undue, not experimentation.' The 
determination of what constitutes undue experimentation in a given 
case requires the application of standard of reasonableness, having 
due regard for the nature of the invention and the state of the art. The 
test is not merely quantitative, since a considerable amount of 
experimentation is permissible, if it is merely routine, or if the 
specification in question provides a reasonable amount of guidance 
with respect to the direction in which the experimentation should 
proceed ... [Citations omitted]. 

Mat 1404. 

Therefore, when Applicants' specification is interpreted in a reasonable manner in the light 
of the knowledge m the art, the conclusion must be that undue experimentation would not be 
required to practice the invention. 

Reconsideration and withdrawal of the Section 1 12 rejections are respectfully requested. 

IIL THE SECTION 103 REJECTIONS ARE OVERCOME 

Claims 32-46 were rejected under Section 103(a) as allegedly unpatentable over Stewart 
et al., J. Steroid Biochem. Molec. Biol 40(4-6):501-509 (1991); and, claims 32-46 were rejected 
under Section 103(a) as being unpatentable over Walker et al., Clinical Endocrinology 39:221- 
227(1993). 

The Office Action admits that both Stewart and Walker fail to teach or suggest 
inhibiting reductase activity of 11-Beta HSDl or reducing intracellular glucocorticoid 
concentration by inhibiting the reductase activity of 11-Beta HSDl in neuronal or adipose 
tissue. 
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The Office Action attempts to bridge the deficiencies of Stewart and Walker by citing 
Goodman and Oilman at pages 1463-1473 allegedly for the propositions of: (1) the reductase 
activity of 1 1 -Beta HSDlon the conversion of cortisone to Cortisol was known; (2) the ability of 
carbenoxolone to inhibit the conversion of cortisone to Cortisol by the inhibition of 1 1 -Beta 
HSDl was known; and (3) the effect of Cortisol in adipose and neuronal tissue was known. From 
this, the Office Action stretches by asserting that 'the ordinary artisan would have the reasonable 
expectation that carbenoxolone would inhibit the reductase activity of [1 1-Beta HSDl] 
irrespective of the site of the enzyme and, therefore, he would expect carbenoxolone to inhibit 
the reductase activity of [1 1-Beta HSDl] in both neuronal and adipose tissue [and] would also 
have the reasonable expectation that said inhibition would result in a reduction in the 
glucocorticoid, Cortisol, concentration in both neuronal and adipose tissues." 

As to claim 34, the Office Action asserted that "[t]he method of determining the effect of 
a compound or composition on the activity of any enzyme in any tissue is within the level of skill 
of the ordinary artisan because he only has to bring the compound in contact vsdth a tissue culture 
containing said enzyme and determine the effect of the compound on said enzymatic activity."^ 

And, the Office Action asserts that motivation to determine the effect of carbenoxolone in 
adipose or neuronal tissue is allegedly based on "(1) the fact that excess glucocorticoids are 
known to have adverse effect in said tissues and (2) inhibition of the conversion to the active 
form, Cortisol, would result in lowering of the tissue concentration of the active form of 
glucocorticoids, and, thus reversal of the adverse effect in said tissue." 

During the interview, the Examiner asserted inherency. 

It is respectfully submitted that all of the positions of the Office Action, and those of the 
Examiner during the interview, including the positions taken in the Section 103 rejections, are 
wholly misplaced. 

While it is known that carbenoxolone is an inhibitor of 1 1-Beta HSDl,^ the reductase 
activity of 11-Beta HSDl in adipose and neuronal tissue, and the ability of carbenoxolone 



^ The Examiner's position in rejecting claim 34 under Section 103 argues against the Examiner's position in 
rejecting the claims under Section 112. 

* And, as discussed with respect to the Section 1 12 rejections, Applicants admit that inhibitors of 1 1-Beta HSDl 
were known; the activity of the enzyme in any particular tissue - i.e., whether 1 1-Beta HSDl functions as a 
reductase or catalyzing oxidation in any particular tissue - was not known and could not have been predicted. 
Indeed, as discussed herein, the art taught away from the present invention; e.g., by teaching that 1 1-Beta HSDl 
functions as catalyzing oxidation in adipose tissue. 



-9- 



00017275 




674543-2001 

to inhibit the reductase activity of 11-Beta HSDl in adipose and neuronal tissue and the 
conversion of cortisone to Cortisol, were not laiown and could not have been predicted. 

Thus, as to adipose and neuronal tissue, the Office Action is plainly wrong by asserting 
that "the ability of carbenoxolone to inhibit the conversion of cortisone to Cortisol by the 
inhibition of 11 -Beta HSDl was known." 

Similarly, as to adipose and neuronal tissue, the Office Action is plainly wrong by 
asserting that "the reductase activity of 1 1-Beta HSDl on the conversion of cortisone to Cortisol 
was known." 

Indeed, contrary to the present invention, and contrary to the assertions in the Office 
Action, the art expressly taught that in human adipose tissue has been reported to 

catalyze only oxidation," Monder and White, Vitamins and Hormones, 47:187-271 (1993), at 
page 191 (emphasis added). 

Accordingly, the skilled artisan would not have been motivated to inhibit the reductase 
activity of 1 1-Beta HSDl in adipose or neuronal tissue to inhibit the conversion of cortisone to 
Cortisol because the art taught that 1 1-Beta HSDl catalyzed oxidation (the conversion of Cortisol 
to cortisone). 

Simply, since the art taught that in human adipose tissue has been 

reported to catalyze only oxidation," the skilled artisan would have expected that 
administration of carbenoxolone or an inhibitor of 11-Beta HSDl would have resulted in 
inhibiting an oxidase activity of 11-Beta HSDl in adipose and neuronal tissue. 

The skilled artisan would not have expected that administration of carbenoxolone or an 
inhibitor of 1 1-Beta HSDl would have resulted in inhibiting the reductase activity of 1 1-Beta 
HSDl in adipose and neuronal tissue. 

Likewise, since the art taught that ^^11-HSD in human adipose tissue has been 
reported to catalyze only oxidation," the skilled artisan would have expected that 
administration of carbenoxolone or an inhibitor of 11-Beta HSDl would have resulted in 
inhibiting a conversion of Cortisol to cortisone in adipose and neuronal tissue. 

The skilled artisan would not have expected that administration of carbenoxolone or an 
inhibitor of 1 1-Beta HSDl would have resulted in inhibiting the conversion of cortisone to 
Cortisol in adipose and neuronal tissue. 
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Thus, since the art taught that "1 1-HSD in human adipose tissue has been reported to 
catalyze only oxidation," the skilled artisan would not have had a reasonable expectation that 
inhibition of 1 1-Beta HSDl in adipose and neuronal tissue would have resulted in a reduction in 
glucocorticoid (Cortisol). 

And, since the art taught that "1 1-HSD in human adipose tissue has been reported to 
catalyze only oxidation," the skilled artisan would not have had a reasonable expectation that 
inhibition of 1 1-Beta HSDl in adipose and neuronal tissue would have resulted in the inhibition 
of the conversion of cortisone to Cortisol. 

Furthermore, since the art taught that "1 1-HSD in hxmian adipose tissue has been reported 
to catalyze only oxidation," the step of determining whether a compound or composition inhibits 
the reductase activity of 1 1-Beta HSDl in adipose or nexironal^tissue was not taught or suggested 
in the art. 

The skilled artisan following the Examiner's assertion of "bring[ing] the compound in 
contact with a tissue culture containing said enzyme and determin[ing] the effect of the 
compound on said enzymatic activity" with respect to 1 1-Beta HSDl in adipose or neuronal 
tissue would have been looking for the effect of the compound on oxidase activity, i.e., would 
have been determining whether said compound inhibits oxidase activity or inhibits a 
conversion of Cortisol to cortisone in adipose and neuronal tissue; and, would not have been 
determining whether the compound inhibits reductase activity of 11-Beta HSDl or the 
conversion of cortisone to Cortisol. 

With respect to the allegation of motivation in the Office Action, i.e., that excess 
glucocorticoids are known to have adverse effect in said tissues [adipose and neuronal tissue] 
and (2) inhibition of the conversion to the active form, Cortisol, would result in lowering of the 
tissue concentration of the active form of glucocorticoids, and, thus reversal of the adverse effect 
in said tissue," if the Examiner's assertions are correct, then the skilled artisan would not have 
been motivated to inhibit the activity of 11-Beta HSDl in adipose and neuronal tissue, in 
view of the teachings in the art "1 1-HSD in human adipose tissue has been reported to catalyze 
only oxidation." 

More specifically, the art' taught that "1 1-HSD in human adipose tissue has been reported 
to catalyze only oxidation." 
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Thus, the art taught that 1 1 -Beta HSDl catalyzed the conversion of Cortisol, the active 
form of the glucocorticoid, to cortisone. 

Accordingly, if the skilled artisan was motivated to "lower[] ... the active form of 
glucocorticoids," i.e., Cortisol, in view of the teachings in the art that "1 1-HSD in human adipose 
tissue has been reported to catalyze only oxidation," the skilled artisan would not have been 
motivated to inhibit 1 1-Beta HSDl, because such an inhibition of 1 1-Beta HSDl would have led 
to inhibiting the conversion of Cortisol to cortisone and an increase in the active form of the 
glucocorticoid. 

Rather, if the skilled artisan was motivated to "lower[] ... the active form of 
glucocorticoids," i.e., Cortisol, in view of the teachings in the art that "1 1-HSD in human adipose 
tissue has been reported to catalyze only oxidation," i.e., in view of the teachings in the art that 
1 1-Beta HSDl catalyzed the conversion of Cortisol, the active form of the glucocorticoid, to 
cortisone, the skilled artisan would have been motivated to enhance the activity of 1 1 -Beta 
HSDl. 

Simply, the motivation asserted by the Office Action, in view of the teachings in the art 
would have led the skilled artisan away from the present invention. 

Accordingly, it is respectfully submitted that the attempted logic in the Office Action is 
seriously flawed, and cannot support the rejections. 

With respect to the misplaced allegations of inherency, in view of the inability to predict 
from teachings concerning the activity of 1 1 p-HSDl in the liver, the activity of 1 1 p-HSDl as a 
reductase in adipose and neuronal tissue, and thus the inability to predict the activity of an 
inhibitor of 1 1 p-HSDl in adipose and neuronal tissue from teachings concerning 1 1 p-HSDl in 
the liver, any prior administrations of inhibitors of 1 1 p-HSDl did not teach or suggest the 
present invention. 

Indeed, U.S. case law strongly supports this assertion. 

For instance. In re Marshall 578 F.2d 301, 198 U.S.P.Q. (C.C.P.A. 1978) dealt with 
method claims for orally administering a compound in amounts sufficient to produce body 
weight loss. Some specific claims recited a range of the amount to be taken daily for producing 
weight loss, and the prior art, the Physician's Desk Reference (PDR) disclosed the same 
compounds for oral administration for treating ulcers and other gastrointestinal problems. The 
C.C.P.A. reversed the art rejection, stating that, "If anyone ever lost weight by following the 
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PDR teachings, it was an unrecognized accident. An accidental or unwitting duplication of an 
invention cannot constitute an anticipation. In re Felton, 484 F.2d 495, 500, 179 U.S.P.Q. 
295, 298 (C.C.P.A. 1983)" (emphasis added). See also In re Felton (cited by the C.C.P.A. in 
Marshall supra); Tilghman v. Proctor, 102 U.S. 707 (1880); Eibel Process Co. v. Minnesota 
and Ontario Paper Co,, 261 U.S. 45 (1923) (all, as we are advised, for the proposition that the 
mere fact that a reference's generic disclosure might fortuitously result in narrower limitations of 
a later claim cannot destroy patentability). 

During the interview, the undersigned emphasized how In re Marshall was indeed 
controlling in the present situation, because in view of the teachings in the art that "1 1-HSD in 
human adipose tissue has been reported to catalyze only oxidation," clearly, any prior 
administration of carbenoxolone or of any other inhibitor of 1 1-Beta HSDl did not result in any 
recognition that there was an inhibition of reductase activity of 1 1-Beta HSDl in adipose or 
neuronal tissue, or an inhibition of the conversion of cortisone to Cortisol, or a reduction in 
circulating fatty acids. And therefore, the reference teachings, under Marshall fail to destroy 
patentability, i.e., under Marshall, the reference teachings fail to teach or suggest the present 
invention because there was a failure in the art to recognize the features of the present invention; 
and, there were explicit teachings in the art away from the present invention.'' 

Similarly, attention is respectfully directed to In re Shetty, 195 USPQ 753, 756-57 
(CCPA 1977) wherein Shetty claimed a composition of certain adamantane compounds and a 
method of using them to curb appetite in animals. The prior art taught structurally similar 
compounds for use as antiviral agents, with recommended doses that corresponded to those 
claimed by Shetty. 

The CCPA agreed with the PTO that the prior art established a prima facie case of 
obviousness as to the composition. 

However, the Court did not affirm the PTO position of unpatentability regarding 
the method claims. 

Relymg on prior art that taught antiviral activity rather than appetite curbing activity, the 
PTO argued that administering the prior art compound in a dosage described in the art for 



^ However, it is the undersigned's recollection that the other attendees at the interview expressed a desire to review 
Marshall Accordingly, to assist in the prosecution of this application, the cases cited herein are attached hereto, and 
the Examiner, her SPE and a Practice Specialist are invited to review the cases. 
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antiviral effectiveness, which corresponded to Shetty's appetite curbing amount, would 
inherently achieve appetite curbing and thus render the claimed method obvious.* 

The Shetty Court refused to accept the PTO position. 

The Court responded that although Shetty 's dosage "'effective to curb appetite' 
corresponds to or inheres in [the prior art's] amount to 'combat microbial infestation' [, it] does 
not persuade us of the obviousness of appellant's method." Id. at 756. 

Simply, before Shetty had discovered an appetite curbing effect for the adamantane 
compounds, nothing in the art suggested using them to curb appetite, and, quoting from In re 
Spormann, the Shetty Court stated: "[T]he inherency of an advantage and its obviousness are 
entirely different questions. That which may be inherent is not necessarily known. 
Obviousness cannot be predicated on what is unknown." Id at 757; see also In re Naylor, 
152 USPQ 106, 108 (CCPA 1966) ("[Inherency is quite immaterial if ... one of ordinary skill in 
the art would not appreciate or recognize the inherent result"). 

Shetty is also controlling, and illustrates that the US PTO can grant a patent on 
Applicants' claims, as well as that, as respectfully submitted, positions taken in the Section 103 
rejections are misplaced, and cannot withstand an appeal. 

More specifically, considering the present claims and the state of the art, especially art 
that taught that 11-Beta HSDl catalyzed oxidation in adipose tissue and thus taught away 
from 11-Beta HSDl having reductase activity in adipose tissue (and thus taught away from 
the present invention), the reduction of circulating fatty acids by inhibiting the reductase 
activity of 1 1 -Beta HSDl in adipose tissue, as well as the methods of inhibiting the reductase 
activity of 1 1-Beta HSDl in an animal in need thereof in adipose or neuronal tissue of the animal 
comprising administering to the animal an inhibitor of said reductase activity of 1 1-Beta HSDl, 
and methods for reducing intracellular glucocorticoid concentration in an animal in need thereof 
in neuronal or adipose tissue comprising inhibiting the reductase activity of 1 1-Beta HSDl in 
said tissue, and also methods for determining whether a compound or composition is a regulator 
of intracellular glucocorticoid activity in adipose or neuronal tissue or whether a compound or 



* It is respectfully submitted that the positions taken by the Examiner during the interview, and in the Section 103 
rejection is akin to the unsuccessful position taken by the PTO in Shetty, and Shetty illustrates that nearly 24 years 
ago the Courts held that the present PTO position, as taken in the present appHcation, is incorrect and cannot be 
maintained on appeal (a further reason why the present application clearly warrants a "fresh look"). 
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composition inhibits reductase activity of 1 1 -Beta HSDl in adiopose tissue, as set forth in the 
present claims, were not obvious. 

Simply, the true activity of 1 1 -Beta HSDl , e.g., in adipose tissue, not only was not 
known in the art, but moreover, the prior art had it quite wrong by teaching that 11-Beta 
HSDl catalyzed oxidation in adipose tissue. Thus, the advantages of the present invention and 
the methods presently claimed are novel and nonobvious: the reductase activity of 1 1 -Beta 
HSDl was unknown, and in adipose tissue, the art explicitly taught the opposite of the present 
invention; namely, that 1 1 -Beta HSDl in adipose tissue catalyzes oxidation. 

Accordingly, under Shetty^ Marshall, Naylor, and the like, the present invention cannot 
be obvious: the advantage of the present invention, i.e., that 1 1 -Beta HSDl has reductase activity 
in adipose and neuronal tissue was not known. 

Even further, "obviousness cannot be predicated on what is unknown. Shetty at 757. As 
the activity of 1 1-Beta HSDl in adipose and neuronal tissue was unknown or was the subject of 
teachings away from the present invention, there can be no obviousness; see, e.g., Shetty, at 757. 

Moreover, the case law is also clear that even if a reference disclosure inevitably 
produces the claimed subject matter, if it is produced in such a manner as to go unnoticed 
and undetected, the reference cannot destroy patentability. See In re Seaborg (I), 328 F.2d 
993, 140 U.S.P.Q. 659 (C.C.P.A. 1964); In re Seaborg (II), 328 F.2d 996, 140 U.S.P.Q. 662 
(C.C.P.A. 1964). See also The General Tire & Rubber Co, v. Jefferson Chem, Co,, Inc, 182 
U.S.P.Q. 70 (2d Cir. 1974), In reAntonson, 124 U.S.P.Q. 132 (C.C.P.A. 1959), International 
Nickel Co, v. Ford Motor Co,, 119 U.S.P.Q. 72 (S.D.N. Y. 1958), and Eibel Process Co. v, 
Minnesota & Ontario Paper Co., 261 U.S. 45 (1923) (all, as we are advised, for the classic 
holding that invention resides in recognizing a problem, as well as providing a solution). 

Indeed, in Eibel the US Supreme Court recognized that accidental results, not 
intended and not appreciated, do not constitute destroy patentability. See also General Tire, 
182 U.S.P.Q. at 76. In International Nickel, we are advised, the Court stated (with emphasis): 
"Where the allegedly anticipating product was produced by chance and never recognized 
nor appreciated, one who later discovers and recognizes the product may patent it" 119 
U.S.P.Q. at 80. 

In the present case, it is the present inventors recognized that 1 ip-HSDl is a reductase in 
adipose and neuronal tissue, and that there can be beneficial results in inhibiting 1 ip-HSDl in 
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adipose and neuronal tissue, contrary to the express teachings in the art that in adipose tissue the 
enzyme only catalyzes oxidation. 

The prior art did not recognize or appreciate the present invention; and indeed taught 
away from the present invention. 

Thus, the prior art fails to teach or suggest the present invention. 

The Examiner is respectfully reminded of even more case law: 

"All words in a claim must be considered in judging the patentability of that claim 
against the prior art." In re Wilson, 165 U.S.P.Q. 494, 496 (C.C.P.A. 1970); see also In re 
Swinehart, 169 U.S.P.Q. 227 (C.C.P.A, 1971) ("point of novelty" was "transparen[cy]"; Court 
held that "functional" or "use" language was permissible, even at the "point of novelty" 
indicating that "there is nothing intrinsically wrong" with claiming by what something does); In 
re Duva, 156 U.S.P.Q. 90 (C.C.P.A. 1967) (prior art rejection of aqueous solution "for 
depositing gold" reversed due to PTO failure to consider the "for depositing gold" recitation 
because "all factual differences which may be properly noted in any portion of a claim must be 
included within the basis for comparison with the prior art if we are to properly evaluate the 
difference between the invention defined in a claim and the teachings of a reference", i.e., "every 
portion of the . . . claims must be considered"). 

For instance, it is well-established law that where the preamble is essential to point out 
the claimed invention and give meaning and vitality to the claim, it is given the effect of a 
limitation. See, e.g., Diversitech Corp, v. Century Steps Inc, 850 F.2d675, 7 U.S.P.Q.2d 1315 
(Fed. Cir. 1988); In re Tuominen, 671, F.2d 1359, 213 U.S.P.Q. 89 (C.C.P.A. 1982); In re 
Bulloch etai, 604 F.2d 1362, 203 U.S.P.Q. 171 (C.C.P.A. 1979); In re Szajna et al, 422 F.2d 
443, 164 U.S.P.Q. 632 (C.C.P.A. 1970); In re Walks etal, 366 F.2d 786, 151 U.S.P.Q. 185 
(C.C.P.A. 1966); Smith v. Bousquet; 1 1 1 F.2d 157, 45 U.S.P.Q. 347 (C.C.P.A. 1940); Ex parte 
Varga, 189 U.S.P.Q. 204 (P.O.B.A. 1973); see also Kropa v. Robie etaL, 187 F.2d 150, 88 
U.S.P.Q. 478 (C.C.P.A. 1951); Duva. 

Accordingly, recitations such as, "determining . . . reductase activity of [ 1 1 -Beta HSD 1 ]" 
and "inhibiting reductase activity of [1 1-Beta HSDl] in an animal in need thereof in adipose or 
neuronal tissue" and "for reducing intracellular glucocorticoid concentration in an animal in need 
thereof in neuronal or adipose tissue comprising inhibiting reductase activity of [1 1-Beta 
HSDl]" should have been given weight in distinguishing the present invention from the prior art, 
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especially in view of the teachings in the art that "1 1-HSD in human adipose tissue has been 
reported to catalyze only oxidation." It is respectfully requested that the claim terms be given 
great weight in distinguishing the claimed invention from the prior art. 

Indeed, it is not enough for the Examiner to merely contend, as she did in the interview, 
that the references "inherently" speak to the instantly claimed invention. The references must 
indeed disclose or suggest the properties of the claimed invention for inherency to attach. 

According to In re Rijckaert, 9 F.3d 1531, 1957 (Fed. Cir, 1993), "such a retrospective 
view of inherency is not a substitute for some teaching or suggestion supporting an obviousness 
rejection." 

Furthermore, Rijckaet instructs that obviousness cannot be predicated on what is not 
known at the time an invention is made, even if the inherency of a certain feature is later 
established. 

V 

Thus, the fact that it is known today, through the present application, that 1 1-Beta HSDl 
-functions as a reductase in adipose and neuronal tissue, cannot be used in assessing "inherency" 
based on prior art that did not concern adipose and neuronal tissue; and, when assessing the 
Examiner's allegation of "inherency" the focus must be on the teachings in the art at the time of 
filing; namely, on the teachings in the art that were wholly contrary to the present invention, i.e., 
that "1 1-HSD in human adipose tissue has been reported to catalyze only oxidation." 

When the Examiner's allegation of "inherency" is viewed in the light of the teachings in 
the art at the time of filing, i.e., in view of the teachings in the art that "1 1-HSD in human 
adipose tissue has been reported to catalyze only oxidation," it is respectfully asserted that it is 
clear that the Examiner's assertion of inherency is wholly misplaced and cannot stand. 

The Federal Circuit is clear that "'inherency... may not be established by probabilities or 
possibilities. The mere fact that a certain thing may result from a given set of circumstances is 
not sufficient [to establish inherency].'" Continental Can Company v. Monsanto Company^ 948 
F.2d 1264, 1269 (Fed. Cir. 1991), citing to In re OelricK 666 F.2d 578, 581-582 (C.C.P.A. 
1981). See also Shetty; Naylor. 

Indeed, "before a reference can be found to disclose a feature by virtue of its inherency, 
one of ordinary skill in the art viewing the reference must understand that the immentioned 
feature at issue is necessarily present in the reference." SGS-Thomson Microelectronics, Inc, v. 
International Rectifier Corporation, 31 F.3d 1 177 (Fed. Cir. 1994) (emphasis in original). 
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Applying the law to the instant facts, none of the references cited in the Office Action 
inherently teach, disclose or suggest Applicants' invention. 

For example, none of the references disclose or suggest the present invention as claimed 
because the skilled artisan would not have recognized that 1 1-Beta HSDl functioned as a 
reductase in adipose or neuronal tissue; but rather, would have considered that "1 1-HSD in 
human adipose tissue has been reported to catalyze only oxidation," and would not have 
recognized or have been taught or suggested the present invention from the teachings of the 
references. 

Furthermore, claims herewith added call for "[a] method for reducing circulating fatty 
acids from reductase activity of 1 1-Beta-hydroxysteroid dehydrogenase 1 (11 -Beta HSDl) in 
adipose tissue in a patient in need thereof comprising inhibiting said reductase activity of 1 1- 
Beta HSDl in adipose tissue in said patient." 

Likewise, a new claims herewith call for "[a] method for reducing circulating fatty acids 
from reductase activity of 1 1-Beta-hydroxysteroid dehydrogenase 1 (1 1-Beta HSDl) in adipose 
tissue in a patient in need thereof comprising administering to said patient an inhibitor of said 
reductase activity of 1 1-Beta HSDl in adipose tissue, in an amoxmt effective to so inhibit said 
reductase activity of 1 1-Beta HSDl in adipose tissue." 

Other new claims are directed to "[a] method for determining whether a compound or 
composition inhibits reductase activity of 1 1-Beta-hydroxysteroid dehydrogenase 1 (1 1-Beta 
HSD 1 ) in adiopose tissue comprising 

obtaining reductase activity of 1 1 Beta HSDl in an isolated in vitro adipocyte cell 
population, and 

determining whether said compound or composition inhibits said reductase activity of 1 1 
Beta HSDl in the isolated in vitro adipocyte cell population, and thereby determining whether 
said compound or composition inhibits reductase activity of 1 1 Beta HSDl in adipose tissue." 

Yet other new claims provide "[a] method for reducing circulating fatty acids from 
reductase activity of 1 1-Beta-hydroxysteroid dehydrogenase 1 (1 1-Beta HSDl) in adipose tissue 
in a patient in need thereof comprising 

determining reductase activity of 1 1 Beta HSDl in adipose tissue, and 

inhibiting said reductase activity of 1 1-Beta HSDl in adipose tissue in said patient." 
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And, even further still, another new claim provides "[a] method for reducing circulating 
fatty acids from reductase activity of 1 1-Beta-hydroxysteroid dehydrogenase 1 (11 -Beta HSDl) 
in adipose tissue in a patient in need thereof comprising 

determining reductase activity of 1 1 Beta HSDl in adipose tissue, 

determining whether a compound or composition inhibits said reductase activity of 1 1 
Beta HSDl in adipose tissue, and 

administering to said patient said compound or composition which inhibits said reductase 
activity of 1 1 -Beta HSDl in adipose tissue, in an amount effective to so inhibit said reductase 
activity of 1 1-Beta HSDl in adipose tissue." 

There was clearly no teaching, suggestion, or recognition in the art that inhibiting 11- 
Beta HSDl in adipose tissue would have resulted in an inhibition of reductase activity of the 
enzyme and thus a reduction of circulating fatty acids. Nor would there have been, from the 
prior art teachmgs, especially from the prior art the teaching that "1 1-HSD in human adipose 
tissue has been reported to catalyze only oxidation," any administration of an inhibitor of 1 1- 
Beta HSDl to a patient in need of reduction of circulating fatty acids from the reductase activity 
of 1 1-Beta HSDl. 

Furthermore, there was no teaching or suggestion in the art of "obtaining reductase 
activity of 1 1 Beta HSDl in an isolated in vitro adipocyte cell population," and of "determining 
reductase activity of 1 1 Beta HSDl in adipose tissue," and of "determining whether a compound 
or composition inhibits said reductase activity of 1 1 Beta HSDl in adipose tissue," especially in 
view of the art teaching that "1 1-HSD in human adipose tissue has been reported to catalyze only 
oxidation." 

Likewise there was not teaching or suggestion in the art of "method[s] for inhibiting 
reductase activity of 1 IrBeta-hydroxysteroid dehydrogenase 1 (1 1-Beta HSDl) in an animal m 
need thereof in adipose or neuronal tissue of the animal comprising administering to the animal 
an inhibitor of said reductase activity of 1 1-Beta HSDl in an amount effective to so inhibit the 
reductase activity of 1 1-Beta HSDl." 

Nor was there any teaching or suggestion in the art of "method[s] for reducing 
intracellular glucocorticoid concentration in an animal in need thereof in neuronal or adipose 
tissue comprising inhibiting the reductase activity of 1 l-Beta-hydroxysteroid dehydrogenase 1 
(1 1-Beta HSDl) in said tissue. 
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And, there was no teaching or any suggestion in the art of "method[s] for determining 
whether a compound or composition is a regulator of intracellular glucocorticoid activity in 
adipose or neuronal tissue comprising determining whether said compound or composition 
inhibits reductase activity of 1 l-Beta-hydroxysteroid dehydrogenase 1 (1 1-Beta HSDl) in said 
tissue." 

Indeed, again, given that the prior art expressly taught "1 1-HSD in human adipose tissue 
has been reported to catalyze only oxidation," the presently claimed invention, involving 
inhibition of the reductase activity of 1 1-Beta HSDl and beneficial effects therefrom, such as 
reducing circulating fatty acids, is clearly surprising, unexpected, novel and nonobvious. 

Accordingly, the recitations of claims 32-55 clearly distinguish the present invention 
from the prior art; and, claims 32-55 are not taught or suggested by the prior art. 

In view of the foregoing, and the previously-filed Amendment, Declaration and 
attachments thereto, it is respectfiilly submitted that reconsideration and withdrawal of the 
Section 103 rejections are in order. 

And therefore, reconsideration and v^thdrawal of the Section 103 rejections are 
respectfully requested. 

SUMMARY AND REQUEST FOR INTERVIEW PRIOR TO FIRST OFFICE ACTION 

In view of the amendments, remarks and cases herewith, and the previously-filed 
amendments, remarks, Declaration and attachments thereto (incorporated herein by reference), 
the present application is in condition for allowance. 

Favorable reconsideration of the application, and prompt issuance of a Notice of 
Allowance, are eamestly solicited. 

Furthermore, it is respectfixUy requested that prior to a first Office Action (other than a 
Notice of Allowance) that the Examiner, the Examiner's SPE and a Practice Specialist kindly 
review the amendments, remarks and cases herewith, and the previously-filed amendments, 
remarks, Declaration and attachments thereto, and that there be an interview, with the inventors, 
the Examiner, the Examiner's SPE and a Practice Specialist, and the Group Director is also 
respectfully invited to attend the interview, as well as have US PTO personnel who have not 
previously been involved in this application, i.e., US PTO personnel who are "fresh" to the 
prosecution also review those papers and be in attendance, especially if the Examiner is of the 
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view that any issue remains as an impediment to allowance after having reviewed the 
amendments, remarks and cases herewith, and the previously-filed amendments, reniarkSj 
Declaration and attachments thereto. 

Accordingly, prior to any action on the merits other than a Notice of Allowance, it is 
respectfully requested that Applicants' representative, Mr. Thomas J. Kowalski, FROMNCER 
LAWRENCE & HAUG LLP, 745 Fifth Avenue, New York, NY 10151, tel 212-588-0800, fax 
212-588-0500, email TKowalski@FLHLaw,com be contacted, to arrange a mutually convenient 
time and manner for such an' interview, //iTer a//a. 

Again, it is trusted that ]the herein request for a pre-first Office Action interview is clear, 
and that Applicants' attomey will indeed rweive a telephone call fix)m the Examiner to arrange 
such an interview, in the event that Hier^is to be any action on the merits other than ^ Notice of 
Allowance. 

As to any and all requests herein, to any extent necessary, this paper may be considered a 
petition (or petition(s)) for the relief requested herein. 

And again, any fee occasioned by this paper, including for the claims presented herein, as 
well as for the herein request(s) and/or p€5titioh(s) and/or for granting herein relief requested may 
be charged, or overpayment credited, to Deposit Account No. 50-0320. Please note that this 
application qualifies for small entity status. 

Moreover, the undersigned looks forward to hearing favorably from the US PTO in this 
application and respectfially again requests favorable reconsideration of the applicatioii, and 
prompt issuance of a Notice of Allowance. 

Respectfully submitted, 

FROMMER lAWRENGE & kAlip LLP 
Attorneys For Applicants : 



By: .XlLmdMf-<M^^^^ 

THONIAS J. KO^aLSBcT yJ^i VicO^JbiMi 
Reg.No. 32.147 / jee4.fio.ai.H1 



Tel^l2-588^800 
Fax 212-588-0500 
Email TKowalski@fLHLaw.com 
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APPENDIX; MARKED VERSION OF CLAIMS 

IN THE CLAIMS 

Please add the following claims, without prejudice, without admission, without surrender 
of subject matter, and without any intention of creating any estoppel as to equivalents: 

47. (New) A method for reducing circulating fatty acids from reductase 
activity of 1 1-Beta-hydroxysteroid dehydrogenase 1(1 1-Beta HSDl) in adipose tissue in a 
patient in need thereof comprising inhibiting said reductase activity of 1 1-Beta HSDl in adipose 
tissue in said patient. 

48. (New) A method for reducing circulating fatty acids from reductase 
activity of 1 1-Beta-hydroxysteroid dehydrogenase 1 (1 1-Beta HSDl) in adipose tissue in a 
patient in need thereof comprising administering to said patient an inhibitor of said reductase 
activity of 1 1-Beta HSDl in adipose tissue, in an amount effective to so inhibit said reductase 
activity of 1 1 -Beta HSD 1 in adipose tissue. 

49. (New) A method for determining whether a conipound or composition 
inhibits reductase activity of 1 1-Beta-hydroxysteroid dehydrogenase 1(1 1-Beta HSDl) in 
adiopose tissue comprising 

obtaining reductase activity of 1 1 Beta HSDl in an isolated in vitro adipocyte cell 
population, and 

determining whether said compound or composition inhibits said reductase activity of 1 1 
Beta HSDl in the isolated in vitro adipocyte cell population, and thereby determining whether 
said compound or composition inhibits reductase activity of 1 1 Beta HSDl in adipose tissue. 

50. (New) The method of claim 47 wherein the inhibiting is by administering 
carbenoxolone or a pharmaceutically acceptable salt thereof 

5 1 . (New) The method of claim 48 wherein the inhibitor is carbenoxolone or 
a pharmaceutically acceptable salt thereof 

52. (New) A method for reducing circulating fatty acids from reductase 
activity of 1 1-Beta-hydroxysteroid dehydrogenase 1 (1 1-Beta HSDl) in adipose tissue in a 
patient in need thereof comprising 

determining reductase activity of 1 1 Beta HSDl in adipose tissue, and 

inhibiting said reductase activity of 1 1-Beta HSDl in adipose tissue in said patient. 
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53. (New) A method for reducing circulating fatty acids from reductase 
activity of 1 1-Beta-hydroxysteroid dehydrogenase 1 (1 1-Beta HSDl) in adipose tissue in a 
patient in need thereof comprising 

determining reductase activity of 1 1 Beta HSDl in adipose tissue, 

determining whether a compound or composition mhibits said reductase activity of 1 1 

Beta HSDl in adipose tissue, and 

administering to said patient said compound or composition which inhibits said reductase 

activity of 1 1-Beta HSDl in adipose tissue, in an amount effective to so inhibit said reductase 

activity of 1 1 -Beta HSD 1 in adipose tissue. 

54. (New) The method of claim 52 wherein the inhibiting is by administering 
carbenoxolone or a pharmaceutically acceptable salt thereof 

55. (New) The method of claim 53 wherein the compound or composition 
.which inhibits said reductase activity of 1 1-Beta HSDl in adipose tissue is carbenoxolone or a 
pharmaceutically acceptable salt thereof — 
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Dees, Jose 



To: 



Cc: 



Sent: 



From: 



Badio, Barbara 

Wednesday, March 26, 2003 1:32 PM 
Elliott, George 
Dees, Jose 



Subject: FW: Interviews Scheduled for March 27th at 9ann 

I was unaware that you were to be a part of this interview. I think I should had been informed. I think the 
interview should be conducted either by me or by you. I see no reason to have both of us present. If you 
want the cases, I can wand them to you and bring them upstairs. I have four of the five cases. 



Barbara Badio 

Original Message 

From: amnigro@hotmail.com [mailto:amnigro@hotmail.com] 

Sent: Wednesday, March 26, 2003 11:54 AM 

To: barbara.bddio@uspto.gov; george.elliott@uspto.gov 

Cc: Tjkatbklyn@aol.com 

Subject: Interviews Scheduled for March 27th at 9am 
Dear Examiner Badio and Practice Specialist Elliott: 

In advance of tomorrow's interviews, please find attached a memo outlining the proposed discussion for each 
application. Also attached for your convenience is a copy of the amendment and the Rapoport case mentioned in 
the memo. 

Please do not hesitate to contact me if you have any questions. We are currently staying at the Crystal City 
Marriott and can be reached there, or you may call my cell phone at (973)851-6577. 

I look forward to meeting you both tomorrow. 

Best regards. 

V ery truly yours, 

Angela M. Nigro. M.S. 

Scientific Advisor and Patent Agent 

Frommer Lawrence & Haug, LLP 
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To: Practice Specialist Georege Elliot, Examiner Barbara Badio 

From: Thomas J. Kowalski, Angela M. Nigro 

Date: 26 March 2003 

Re: Interviews scheduled for 27 March 

Interview Outline 

I. USSN 09/794,853 (Our Ref: 674519-2001,3) 

■ The January 29, 2003 final office action withdrew the previous rejection under 35 
use § 102(b) over Stoelzner et al. (DD 207 447) (erroneous English translation of 
German Abstract). 

■ The Office Action now rejects claims 48, 51, 54 and 57 under 35 USC 102 (b) as 
allegedly anticipated by Registry Handbook, 1984 Supplement. 

■ The Office Action also rejects claims 35, 38, 41 and 44 under35 USC §103(a) as 
allegedly unpatentable over Registry Handbook, 1984 Supplement. 

The Registry Handbook, 1984 Supplement that is the basis for the above 
rejections contains entry RN 91490-65-2; which is only "19-Norpregna-l,3,5(10)-trien- 
20-yne-3,17-diol,3-sulfamate, (17alpha)- C20H25NO4S." This entry was created by CAS 
from the erroneous translation of the Stoelzner et al. (DD 207 447) Abstract, as shown by 
the CAS abstract citation. As previously submitted to the office, the correct translation of 
Stoelzner et al. does not teach, suggest or enable the present invention (See Response 
and Declaration filed November 25, 2002). 

Consequently, Applicants respectfiiUy believe that the rejections based on the 
Registry Handbook should be reconsidered and withdrawn on the same basis as the 
reconsideration and withdrawal of the previous rejection based on Stoelzner. 

IL USSN 09/319,213 (Our Ref: 674519-2011) 

Applicants respectfiiUy submit that claim 78 (which recites a method for 
inhibiting oestrone sulphatase without administering an oestrogenic compound in a 
subject in need thereof comprising administering to the subject a sulphamate compound 
of the formula (X) wherein X - position 17- is CH2 and which contains the proviso that 
the compound is non-estrogenic in a uterine growth test ) is clearly patentable over the 
prior art, as the particular recited method and non-oestrogenicity fi-om position 17 being 
CH2 is not taught or suggested in the art, especially in view of Rapoport v. Dement, 59 
U.S.P.Q.2D 1215 (copy attached) which holds that method claims are patentable when 
limited to the method being performed in a subject in need thereof. 

For your convenience, attached is a copy of the Amendment filed October 1, 
2002, which introduced claim 78. 

III. USSN 09/572,237 (Our Ref.: 674519-2015) 

Applicants propose submitting claims directed towards: 



1 



A method for inhibiting steroid sulphatase and providing an estrogenic 
effect in a subject in need thereof comprising administering a steroid 
sulphatase inhibiting amount and an estrogenic effective amount of a 
compound of formula I as described in claim 28. 

The specification provides that such a method provides surprisingly enhanced 
estrogenicity, when position 17 is an oxime group; for instance, when OXIMATE is 
compared to the parent steroid, namely EM ATE, The oxime in the 17 position 
significantly increases oestrogenicity of a compound as compared with the parent steroid. 
This is not taught or suggested in the art. 

It is also believed that such method claims are patentable under Rapoport v. 
Dement, 59 U.S.P.Q.2D 1215 (copy attached), which held that the preamble in a method 
claim (treatment of sleep apneas) was clearly a limitation, especially in view of the 
phrase "to a patient in need of such treatment," and this was held to distinguish the claim 
from prior art involving using the same compound for the treatment of conditions 
associated with sleep apneas. 

IV. Remaining cases - status; any pending actions/issues for Applicants to address 
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PATENT 
674519-2011 
USSN 09/319,213 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
Appellants : Michael J. REED et al. 

U.S. Serial No. : 09/319,213 
Filing Date June 1, 1999 

For COMPOUNDS THAT INHIBIT ©ESTRONE 

SULPHATASE; COMPOSITIONS THEREOF; 
AND METHODS EMPLOYING THE SAME 

Examiner : Barbara P. Badio 

Group Art Unit : 1616 

745 Fifth Avenue, New York, NY 10151 

AMENDMENT WITH REQUESTS FOR 
EXTENSION OF TIME & INTERVIEW WITH SUPERVISORY REVIEW & REFUNDS 

Commissioner for Patents 
Washington, D.C. 20231 
Dear Sir: 

This is in response to the April 1 , 2002 non-final Office Action, issued after Applicants' 
January 16, 2002 Brief on Appeal, with the term for reply hereby extended one month. 

REOUEST FOR EXTENSION OF TIME 

Pursuant to 37 C.F.R. §§ 1.136(a) and 1.17(a), a three-month extension of the term for 
reply, i.e., to up to and including October 1, 2002, is requested. It is noted that this application 
qualifies for small entity status. Thus, a check for $460.00 is enclosed in payment of tiie fee for 
the required extension, and the Commissioner is hereby authorized to charge any other fee 
therefor, or any other fee occasioned by this paper, or credit any overpayment in fees, to Deposit 
Account No. 50-0320. 
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AMENDMENT 

Please amend the application, without prejudice, without admission, without surrender of 
subject matter, and without any intention of creating any estoppel as to equivalents, as follows: 
IN THE SPECIFICATION ; 

Please amend the specification, without prejudice, without admission, without surrender of 

subject matter, and without any intention of creating any estoppel as to equivalents, as follows: 

Page 8, fifth full paragraph, please rewrite that paragraph to read: 
~ Preferably, each of Ri and R2 is independently selected firom H, C3 alkyl, C3 alkenyl, NO2, or 
H3CO. 

Page 14, between the second and third paragraphs (between "Li summation, the present 
invention provides novel compounds for use as steroid sulphatase inhibitors, and pharmaceutical 
compositions containing them." and "The present invention will now be described only by way of 
example with reference to the accompanying drawings in which:-") please insert 

- BRIEF DESCRIPTION OF THE DRAWINGS - 

Page 15, please rewrite the sixth, seventh, eighth and ninth paragraphs as follows: 
- Figure 12 shows one embodiment of a method of preparing compounds of the present invention; 

Figure 13 shows another embodiment of a method of preparing compounds of the present invention; 

Figure 14 shows yet another embodiment of a method of preparing compounds of the present 
invention; 

Figure 15 shows a fiirther embodiment of a method of preparing compounds of the present 
invention; ~ 

IN THE CLAIMS : 

Please amend the claims, without prejudice, without admission, without surrender of subject 
matter, and without any intention of creating any estoppel as to equivalents, as follows:^ 

20. (Not Amended) A sulphamate compound having the Formula (X) and 
wherein X is a sulphamate group, and Y is CH2 and optionally any other H attached directly to the 
ring system is substituted by another group 
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and wherein the compound has reduced oestrogenic activity or is non-oestrogenic, and the 
compound is an inhibitor of oestrone sulphatase. 

21. (Not Amended) The sulphamate compound according to claim 20 wherein at 
least one of the other H atoms attached directly to the ring system is substituted and each substituent 
is independently selected from alkyl, cycloalkyl, alkenyl, aryl, substituted alkyl, substituted 
cycloalkyl, substituted alkenyl, substituted aryl, a nitrogen containing group, an S containing group 
or a carboxy containing group. 

22. (Amended) The sulphamate compound according to claim 21 wherein each 
substituent is independently selected from Ci^ alkyl, cycloalkyl, alkenyl, substituted Ci^ 
alkyl, substituted cycloalkyl, substituted Ci^ alkenyl, substituted aryl, NO2, H3CO or a carboxy 
group having from 1-6 carbon atoms. 

23. (Not Amended) The sulphamate compound according to claim 22 wherein 
each substituent is independently selected from C3 alkyl or C3 alkenyl. 

24. (Not Amended) The sulphamate compound according to claim 20 wherein 
none of the H atoms attached directly to the ring system is substituted. 

25. (Amended) The sulphamate compound according to any one of claims 20 to 24 
wherein the sulphamate group, X, has the Formula (ID); wherein each of R3 and R4 is independently 
selected from H, alkyl, cycloalkyl, alkenyl and aryl, or together represent alkylene optionally 
containing one or more hetero atoms or groups in the alkylene chain 



All pending claims, whether amended or not, are set forth in the main text and in the Appendix (marked version of 
the Amendment), for the Examiner's convenience. 
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26. (Not Amended) The sulphamate compound according to claim 25 wherein at 
least one of R3 and R4 is H. 

27. (Not Amended) The sulphamate compound according to claim 26 wherein 
each of R3 and R4 is H. 

28. (Not Amended) A pharmaceutical composition for inhibiting oestrone 
sulphatase in a subject in need thereof comprising a sulphamate compound and a pharmaceutically 
acceptable carrier, adjuvant, excipient, or diluent, wherein tiie sulphamate compound has the 
Formula (X) and wherein X is a sulphamate group, and Y is CH2 and optionally any other H 
attached directly to the ring system is substituted by another group 




and wherein the compound has reduced oestrogenic activity or is non-oestrogenic. 

29. (Not Amended) The pharmaceutical composition for inhibiting oestrone 
sulphatase in a subject in need thereof as claimed in claim 28 wherein in Formula (X), at least one 
of the other H atoms attached directly to the ring system is subsituted and each substituent is 
independently selected from alkyl, cycloalkyl, alkenyl, aryl, substituted alkyl, substituted 
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cycloalkyl, substituted alkenyl, substituted aryl, a nitrogen containing group, an S containing group 
or a carboxy containing group. 

30. (Amended) The pharmaceutical composition for inhibiting oestrone sulphatase in 
a subject in need thereof as claimed in claim 29 wherein in Formula (X), each substituent is 
independently selected from Ci^ alkyl, Ci^ cycloalkyl, Ci^ alkenyl, substituted Ci-6 alkyl, 
substituted cycloalkyl, substituted Ci-6 alkenyl, substituted aryl, NO2, H3CO or a carboxy group 
having from 1-6 carbon atoms. 

3 1 . (Not Amended) A method for inhibiting oestrone sulphatase in a subject in 
need thereof comprising administering to said subject a sulphamate compound having the Formula 
(X) and wherein X is a sulphamate group, and Y is CH2 and optionally any other H attached directly 
to the ring system is substituted by another group 




and wherein the compound has reduced oestrogenic activity or is non-oestrogenic. 

32. (Not Amended) The method for inhibiting oestrone sulphatase in a subject in 
need thereof as claimed in claim 3 1 wherein in Formula (X), at least one of the other H atoms 
attached directly to the ring system is subsituted and each substituent is independently selected from 
alkyl, cycloalkyl, alkenyl, aryl, substituted alkyl, substituted cycloalkyl, substituted alkenyl, 
substituted aryl, a nitrogen containing group, an S containing group or a carboxy containing group. 
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37. (Amended) The method for inhibiting oestrone sulphatase in a subject in need 
thereof as claimed in claim 32 wherein in Formula (X), each substituent is independently selected 
from Ci^ alkyl, Ci-6 cycloalkyl, Ci-6 alkenyl, substituted Ci-e alkyl, substituted cycloalkyl, 
substituted alkenyl, substituted aryl, NO2, H3CO or a carboxy group having from 1-6 carbon 
atoms. 

38. (Not Amended) The method for inhibiting oestrone sulphatase in a subject in 
need thereof as claimed in claim 37 wherein in Formula (X), each substituent is independently 
selected from C3 alkyl or C3 alkenyl. 

39. (Not Amended) The method for inhibiting oestrone sulphatase in a subject in 
need thereof as claimed in claim 3 1 wherein in Formula (X), none of the H atoms attached directly 
to the ring system is substituted. 

40. (Not Amended) The method for inhibiting oestrone sulphatase in a subject in 
need thereof as claimed in any one of claims 31, 32, 37, 38 or 39 wherein the sulphamate group, X, 
has the Formula (HI); wherein each of R3 and R4 is independently selected from H, alkyl, 
cycloalkyl, alkenyl and aryl, or together represent aUcylene optionally containing one or more hetero 
atoms or groups in the alkylene chain 



'S — o — 
o 

(m). 

41 . (Not Amended) The method for inhibiting oestrone sulphatase in a subject in 
need thereof as claimed in claim 40 wherein in Formula (III), at least one of R3 and R4 is H. 

42. (Not Amended) The method for inhibiting oestrone sulphatase in a subject in 
need thereof as claimed in claim 41 wherein in Formula (ID), each of R3 and R4 is H. 
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43. (Not Amended) The pharmaceutical composition for inhibiting oestrone 
sulphatase in a subject in need thereof as claimed in claim 30 wherein in Formula (X), each 
substituent is independently selected from C3 alkyl or C3 alkenyl 

44. (Not Amended) The pharmaceutical composition for inhibiting oestrone 
sulphatase in a subject in need thereof as claimed in claim 28 wherein in Formula (X), none of the H 
atoms attached directly to the ring system is substituted. 

45 . (Amended) The pharmaceutical composition for inhibiting oestrone sulphatase in 
a subject in need thereof as claimed in any one of claims 28, 29, 30, 43 or 44, wherein in Formula 
(X), the sulphamate group, X, has the Formula (III); wherein each of R3 and R4 is independently 
selected from H, alkyl, cycloalkyl, alkenyl and aryl, or together represent alkylene optionally 
containing one or more hetero atoms or groups in the alkylene chain 

O 

-S O — 

O 

(m). 

46. (Not Amended) The pharmaceutical composition for inhibiting oestrone 
sulphatase according to claim 45 wherein in Formula (HI), at least one of R3 and R4 is H. 

47. (Not Amended) The pharmaceutical composition for inhibiting oestrone 
sulphatase according to claim 46 wherein in Formula (III), each of R3 and R4 is H. 

Please add the following new claims, without prejudice, without admission, without 
surrender of subject matter, and without any intention of creating any estoppel as to equivalents: 
—60. (New) The sulphamate compound according to claim 27 having the formula: 
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61 . (New) The method for inhibiting oestrone sulphatase in a subject in need thereof 
of claim 42 wherein sulphamate compound has the formula: 
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62. (New) The pharmaceutical composition of claim 47 wherein the sulphamate 
compound has the formula: 
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63. (New) The sulphamate compound according to any one of claims 20-24 wherein 
the compound is non-oestrogenic in a uterine growth test. 

64. (New) The sulphamate compound according to claim 25 wherein the compound 
is non-oestrogenic in a uterine growth test. 

65. (New) The sulphamate compound according to claim 26 wherein the compound 
is non-oestrogenic in a uterine growth test. 

66. (New) The sulphamate compound according to claim 27 wherein the compound 
is non-oestrogenic in a uterine growth test. 

67. (New) The sulphamate compound according to claim 60 wherein the compound 
is non-oestrogenic in a uterine growth test. 

68. (New) The pharmaceutical composition according to any one of claims 28, 29, 
30, 43 or 44 wherein the sulphamate compound is non-oestrogenic in a uterine growth test. 

69. (New) The pharmaceutical composition according to claim 45 wherein the 
sulphamate compound is non-oestrogenic in a uterine growth test. 

70. (New) The pharmaceutical composition according to claim 46 wherein the 
sulphamate compound is non-oestrogenic in a uterine growth test. 

71. (New) The pharmaceutical composition according to claim 47 wherein the 
sulphamate compound is non-oestrogenic in a uterine growth test. 

72. (New) The pharmaceutical composition according to claim 62 wherein the 
sulphamate compound is non-oestrogenic in a uterine growth test. 
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73. (New) The method for inhibiting oestrone sulphatase in a subject in need thereof 
of any one of claims 31, 32, 37, 38 or 39 wherein the sulphamate compound is non-oestrogenic 
in a uterine growth test. 

74. (New) The method for inhibiting oestrone sulphatase in a subject in need thereof 
of claim 40 wherein the sulphamate compound is non-oestrogenic in a uterine growth test. 

75. (New) The method for inhibiting oestrone sulphatase in a subject in need thereof 
of claim 41 wherein the sulphamate compound is non-oestrogenic in a uterine growth test. 

76. (New) The method for inhibiting oestrone sulphatase in a subject in need thereof 
of claim 42 wherein the sulphamate compound is non-oestrogenic in a uterine growth test. 

77. (New) The method for inhibiting oestrone sulphatase in a subject in need thereof 
of claim 61 wherein the sulphamate compound is non-oestrogenic in a uterine growth test. 

78. (New) A method for inhibiting oestrone sulphatase without administering an 
oestrogenic compound in a subject in need thereof comprising administering to said subject a 
sulphamate compound having the Formula (X) and wherein X is a sulphamate group, and Y is CH2 
and optionally any other H attached directly to the ring system is substituted by another group 




and wherein the compound is non-oestrogenic in a uterine growth test. 

79. (New) The method for inhibiting oestrone sulphatase without administering an 
oestrogenic compound in a subject in need thereof as claimed in claim 78 wherein in Formula (X), 
at least one of the other H atoms attached directly to the ring system is subsituted and each 
substituent is independently selected from alkyl, cycloalkyl, alkenyl, aryl, substituted aUcyl, 
substituted cycloalkyl, substituted alkenyl, substituted aryl, a nitrogen containing group, an S 
containing group or a carboxy containing group. 
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80. (New) The method for inhibiting oestrone sulphatase without administering an 
oestrogenic compound in a subject in need thereof as claimed in claim 79 wherein in Formula (X), 
each substituent is independently selected from Ci^ alkyl, Ci^ cycloalkyl, Ci^ alkenyl, substituted 
Ci-6 alkyl, substituted cycloalkyl, substituted Ci-6 alkenyl, substituted aryl, NO2, H3CO or a carboxy 
group having from 1-6 carbon atoms. 

8 1 . (New) The method for inhibiting oestrone sulphatase without administering an 
oestrogenic compound in a subject in need thereof as claimed in claim 80 wherein in Formula (X), 
each substituent is independently selected from C3 alkyl or C3 alkenyl. 

82. (New) The method for inhibiting oestrone sulphatase without administering an 
oestrogenic compound in a subject in need thereof as claimed in claim 78 wherein in Formula (X), 
none of the H atoms attached directly to the ring system is substituted. 

83 . (New) The method for inhibiting oestrone sulphatase without administering an 
oestrogenic compound in a subject in need thereof as claimed in any one of claims 78-82 wherein 
the sulphamate group, X, has the Formula (HI); wherein each of R3 and R4 is independently selected 
from H, alkyl, cycloalkyl, alkenyl and aryl, or together represent alkylene optionally containing one 
or more hetero atoms or groups in the alkylene chain 
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(HI). 

84. (New) The metiiod for inhibiting oestrone sulphatase without administering an 
oestrogenic compound in a subject in need thereof as claimed in claim 83 wherein in Formula (ID), 
at least one of R3 and R4 is H. 
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85. (New) The method for inhibiting oestrone 
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[**1] Appealed from: U.S. Patent and Trademark 
Office Board of Patent Appeals and Interferences. 
(Interference No. 102,760). 

DISPOSITION: 
AFFIRMED. 

CASE SUMMARY 

PROCEDURAL POSTURE: Appellant challenged a 
final decision of the Board of Patent Appeals and 

Interferences which awarded judgment of priority as to 
the sole count of the interference in favor of appellees 
and made other rulings in favor of appellees. 

OVERVIEW: The coimt in this interference related to 
the treatment of sleep apnea by administering a 
therapeutically effective amount of certain azapirone 
compounds such as Buspirone. Before the court, 
appellant did not contest either the ultimate priority 
determination in favor of appellees or the board's 
imderlying findings. Instead, he argued that the board 
erred in not finding that all of appellees' claims 
corresponding to the count were either anticipated by 
appellant's published prior art reference or rendered 
obvious by the publication in combination with 
admissions allegedly made in appellees' '325 application. 
He also argued that it was an abuse of discretion for the 
board to deny his Motion to Accept Belated Filing and to 
dismiss his Belated Motion for Judgment as untimely. 
The court first concluded that the board was correct in its 
interpretation of "treatment of sleep apneas." The court 
next rejected the merits of appellant's anticipation 
argument. The board's conclusion was supported by 
substantial evidence. The board did not abuse its 
discretion by denying appellant's Motion to Accept 



Belated Filing or in dismissing the preliminary motion 
for judgment. 

OUTCOME: The decision was affirmed. 

CORE TERMS: sleep, apnea, buspirone, patient, 
azapirone, suffering, effective, disorder, treating, 
anxiety, invention, therapeutically, compound, 
administering, dose, disclose, obstructive, comprising, 
episodes, anticipation, anxiolytic, anticipated, anticipate, 
respiratory, bedtime, substantial evidence, 
pharmaceutically, symptomatology, correctly, symptoms 

LexisNexis(TM) HEADNOTES - Core Concepts 

Patent Law > Novelty & Anticipation 

Patent Law > Jurisdiction & Review > Standards of 

Review 

[HNl] To anticipate a claim, a prior art reference must 
disclose every limitation of the claimed invention, either 
expressly or inherently. Anticipation is a question of fact, 
and the court upholds decisions of the Board of Patent 
Appeals and Interferences on factual matters if there is 
substantial evidence in the record to support the board's 
findings. Whether a claim limitation is inherent in a prior 
art reference is a factual issue on which evidence may be 
introduced. The board's determination of obviousness is 
a question of law subject to de novo review. However, 
the board's factual determinations underlying its rulings 
on anticipation and obviousness are reviewed under the 
substantial evidence test. Substantial evidence is such 
relevant evidence as a reasonable mind might accept as 
adequate to support a conclusion. 

Patent Law > Jurisdiction & Review > Standards of 
Review 



us 1006104409P1 




Creation date: 03-01-2004 

Indexing Officer: SCHANTHAVONG - SOURICHANH CHANTHAVONG 
Team: OIPEBackFilelndexing 
Dossier: 10061044 



Legal Date: 02-24-2003 



No. 


Doccode 


Number of pages 


1 


CAD 


1 



Total number of pages: 1 
Remarks: 



Order of re-scan issued on 



